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ABSTRACT
Eleven cases of cholera occurred in Louisiana in 1978 and except 
for an isolated case in Texas in 1973, this was the first cholera 
outbreak in the United States since 1911. The source of the infectious 
agent was traced to the consumption of crabs, a finding which had 
adverse effects on the crab industry in Louisiana. During 1979 and 1980 
blue crabs were examined bacteriologically for the presence of Vibrio 
cholerae, the etiological agent of Asiatic cholera, and other pathogenic 
Vibrio species. Four hundred-eighteen _V. cholerae isolates were 
recovered from crab feces and 144 1/. cholerae were recovered from 
hemolymph samples. Twenty per cent of crab hemolymph samples and 45% of 
fecal samples tested were positive for 17. cholerae. The presence of \7. 
cholerae varied inversely with the presence of halophilic Vibrio 
species. The incidence of Vibrio species in crab hemolymph and fecal 
samples showed seasonal variation. The \7, cholerae isolates were 
serologically tested by slide agglutination and were found to be 
non-Ols. V̂. cholerae Isolates from crabs, sewers, and canals in 
Louisiana were assayed for the production of cholera toxin by the 
ganglioside-ELISA method. Five non-01 17. cholerae isolated from canals 
produced cholera toxin at levels detected in this assay. Two other 
pathogenic species, Vibrio vulnificus and Vibrio fluvialis were 
frequently isolated from crabs. V. fluvialis isolates were examined for 
the production of toxic products by the rabbit skin test assay. All 
isolates tested gave positive skin test results. A 40,000 molecular 
weight permeability factor was purified from culture supernatant fluids 
of V. fluvialis strain DJVP 6957 by ion exchange chromatography and gel
viii
filtration. The use of deoxycholate during gel filtration steps was 
necessary to dissociate protein aggregates in culture supernatant 
fluids.
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PART I Bacteriological Assay of Blue Crab Hemolymph 




The genus Vibrio contains several species capable of causing 
disease in man, Vibrio cholerae, Vibrio parahaemolyticus, Vibrio 
alginolyticus, Vibrio fluvialis, and Vibrio vulnificus (Blake et al, 
1980). The genus Vibrio as described in Bergey's Manual of 
Determinative Bacteriology (Shewan and Veron, 1974) and amended by the 
Subcommittee on the Taxonomy of Vibrios (Hugh and Feeley, 1972) includes 
those organisms which are Gram-negative asporogenous rods which 
morphologically appear curved or straight. Most vibrios are motile by 
means of a single polar flagellum (lateral flagella may be produced 
under certain cultural conditions). Vibrio species produce indophenol 
oxidase and catalase and acid is produced from glucose by the Embden- 
Meyerhoff glycolytic pathway. The guanine plus cytosine base 
composition of the DNA ranges from 40 to 50 mol per cent.
Taken together the recognized species in the genus Vibrio remain 
inadequately defined. Furniss, Lee and Donovan (1978) described three 
non-halophilic and twelve halophilic Vibrio species. Several additional 
species have been described since 1978 which include fluvialis (Lee 
et al. 1981) and vulnificus (Farmer, 1979; Bauman et al. 1980). V_.
cholerae, first described by Koch in 1883 is the best known member of 
the genus. V. cholerae are non-halophilic, tolerate alkaline conditions 
to a pH of 9.5, and are extremely sensitive to an acid pH (Zwadyk,
1976). V. cholerae possess a single polar flagellum which is 
antigenically unique to the species (Bhattacharyya, 1975). V̂. cholerae
are serologically grouped into greater than 70 serotypes or serovars
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(serological varieties) on the basis of cell wall antigens (O-antigens) 
(Shimada and Sakazaki, 1977; Smith, 1979). The 0-antigen group I (01) 
defined by Gardner and Venkatraman (1935) is composed of three 
serological varieties of V. cholerae, Inaba (0-antigens A and C), Ogawa 
(A and B), and Hikojima (A, B, and C) which are the etiological agents 
of the disease Asiatic cholera. Cholera is an intestinal disease 
characterized by vomiting and severe diarrhea. In geographical areas 
lacking modern sanitation facilities the disease may spread quickly 
through contaminated water and food. Victims may loose 15 to 20 liters 
of body fluid per day via the rectum. In non-treated victims this 
rapid fluid loss may lead to dehydration, metabolic acidosis, and death 
(Zwadyk, 1976). The disease is treated with fluid and electrolyte 
replacement either by intravenous or oral administration. Proper 
treatment causes the mortality rate from the disease to drop from 60% to 
less than 1% (Zwadyk, 1976).
V_. cholerae which exhibit 0-antigens other than A, B, or C are 
designated as non-01. Non-01 V_. cholerae have been reported to cause 
isolated outbreaks of diarrheal disease. The disease is usually less 
severe than classical cholera and is generally self-limiting (Blake et 
al. 1980).
The halophilic vibrios which can produce disease in man include V_. 
parahaemolyticus, V_. alginolyticus, V_. vulnificus and \T. fluvialis 
(Blake et al. 1980). V_. parahaemolyticus is a major cause of
gastroenteritis contracted from the ingestion of uncooked seafood which 
is a common practice in Japan (Blake et al. 1980). The course of the 
disease ranges from self-limiting to severe diarrhea and symptoms may 
include headache and fever.
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V. alginolyticus was not thought to be a human pathogen until 1973 
when isolates from tissue infections reported to be V. parahaemolyticus 
were identified bacteriologically as V_. alginolyticus. At least twenty 
additional case reports of infections caused by V_. alginolyticus were 
reported by 1979 (Blake et al. 1980). The majority of these isolates 
have been recovered from wound and ear infections contracted after 
association with seawater.
Vibrio vulnificus, which phenotypically resembles V_. 
parahaemolyticus, can be distinguished by its ability to ferment lactose 
(Hollis et al. 1976). V. vulnificus may cause either of two types of 
infection: severe localized wound infections after exposure to
seawater, or fulminating septicemia with secondary skin lesions which 
often follows the ingestion of raw oysters. Victims of V_. vulnificus 
septicemia often present underlying hepatic diseases. One death has 
been reported among those patients with wound infections while the 
mortality rate for septicemia states approaches 50% (Blake et al, 1980). 
Several extracellular toxic products have been detected in culture 
supernatant fluids of _V. vulnificus (Kreeger and Lockwood, 1981).
fluvialis, described by Lee, Shread, and Furniss (1981) who 
proposed species status for this organism, includes those organisms 
previously referred to as group EF-6 (Blake et al. 1980) or group F 
vibrios (Lee et al. 1978). V_. fluvialis are phenotypically similar to
Aeromonas hydrophila, however they are salt requiring and the mol per 
cent guanine plus cytosine (48 mol per cent) falls in the range 
previously established for the genus Vibrio. V. fluvialis has been 
isolated from patients with gastroenteritis and has been implicated in 
outbreaks of diarrheal disease (Huq et al. 1980). The organism has been
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reported to produce an enterotoxin detectable by various biological 
assays (Siedler et al. 1980; Lockwood et al. 1981; Huq et al. 1979). 
Cholera in Louisiana
There have been seven cholera pandemics since 1817 (Pollitzer,
1959). Epidemic cholera occurred in Louisiana in 1832 and in 1849 and 
during the latter epidemic 10,000 deaths occurred (Levine, 1980). The 
seventh and current pandemic began in 1961 in the Celebes and spread to 
Southeast Asia, Africa, Western Europe, and the Philippines. Between 
1911 and 1978 only one case of domestically acquired cholera was reported 
in the United States (Blake et al. 1980). The case, which occurred in 
1973, involved a man living in Port Lavaca, Texas who was hospitalized 
with severe diarrhea (Weissman et al. 1974). The source of the organism 
which provoked the isolated case of cholera was never determined.
In 1978 a cholera outbreak which gained national attention occurred 
in Louisiana. The details of the outbreak and the subsequent 
investigation were reported by Blake et al. (1980). The first case was 
discovered in August 1978 when a 44 year old man from Abbeyville, La. 
became ill with diarrhea and was hospitalized due to dehydration. An 
organism first identified as Serratia and later suspected to be V̂. 
cholerae was isolated from stool samples and was submitted to state and 
federal laboratories. The organism was identified by the Center for 
Disease Control (CDC) as V_. cholerae El Tor Inaba. Officials from the 
La. Department of Health and Human Resources and the CDC began an 
intensive epidemiological investigation to determine the probable source 
and manner of transmission of the infection. Laboratories, private 
physicians, and public health units were asked to screen all diarrhea 
patients for V_. cholerae. Sewage systems in 22 municipalities were
6
surveyed bacteriologically for V_. cholerae using the Moore swab as an 
entrapment device (Barrett et al. 1980). A total of 11 cholera cases 
were identified during August and September 1978 and 01 V_. cholerae were 
isolated from sewers in six southwestern Louisiana communities. 
Epidemiological studies showed that each cholera victim had eaten boiled 
or steamed crabs which they had obtained privately from areas in 
southwestern La. between Mud Lake and Vermilion Bay. Six of the eleven 
cases occurred in persons sharing one lot of crabs caught from White 
Lake, La., and 01 V_. cholerae were later cultured from refrigerated 
crabs found in the home of one of these six patients.
Crabs were implicated as the source of the infection and on October 
4, 1978, the Food and Drug Administration (FDA) recommended that the 
state close certain areas to commercial and private crabbing. The state 
did not close the areas but the publicity surrounding the outbreak and 
the action taken by the FDA crippled the commercial crab industry in 
Louisiana for the next 3 months.
The Occurrence of Vibrios in the Environment
It is generally assumed that the circulatory systems of healthy 
animals are sterile, however, in 1975 Tubiash, Sizemore, and Colwell 
reported that the hemolymph of only 18% of all freshly caught crabs from 
Chincoteague Bay, Va. were sterile. All crabs tested appeared to be 
healthy animals when caught, and showed no signs of disease or distress. 
Crabs caught and tested in the summer months carried greater bacterial 
numbers, up to 6,600 organisms per ml of hemolymph, and a greater 
percentage were positive for bacteria during these months. The 
predominant organisms recovered from hemolymph samples were identified
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as Vibrio, Pseudomonas, and Acinetobacter species (Sizemore et al.
1975).
In 1977 Colwell et al. reported the isolation of non-01 V. cholerae 
from water, sediment, and shellfish samples from Chesepeake Bay. The 
levels of V. cholerae did not appear to correlate with coliform counts 
and _V. cholerae numbers varied instead with salinity. V. cholerae were 
found in association with shellfish, crustaceans, and zooplankton and 
appeared to be an autochthonous bacterial species in Chesepeake Bay.
Most vibrios, including V. cholerae have the ability to hydrolyze chitin 
and may be an important part of the ecology of the estuarine 
environment.
In light of the cholera outbreak in Louisiana and the mounting 
evidence that vibrios may be commonly associated with crabs and other 
shellfish a study was begun to survey crabs, caught by commercial 
fishermen from Vermilion Bay, La., for the presence of V_. cholerae. The 
purpose of the study was to determine if these crabs regularly harbored 
V_, cholerae or other Vibrio species and to determine if the blue crab 
was a potential vehicle for the transmission of 01 V_. cholerae.
The bacteriological methods used to recover \7. cholerae from crab 
specimens were standard methods suggested for the recovery of V_. 
cholerae from stool samples (Wachsmuth et al. 1980; Furniss et al.
1978). Hemolymph and fecal samples were inoculated into an alkaline 
enrichment broth (alkaline peptone broth, pH 8.5) and were streaked onto 
thiosulfate-citrate-bile salts-sucrose (TCBS) agar. TCBS is 
particularly suitable for the growth of V. cholerae and _V. 
parahaemolyticus as well as other vibrios. Enteric bacilli in the 
family Enterobacteriaceae are generally suppressed during the first 24 h
of incubation on TCBS. Sucrose-fermenting vibrios 0?. cholerae, 
fluvialis) form bright yellow colonies while non-sucrose fermenting 
colonies parahaemolyticus, V_. vulnificus) appear green on TCBS
MATERIALS AND METHODS
The methods used to isolate and identify V cholerae have been 
described (Furniss et al. 1978; Wachsmuth et al. 1980) and standard 
commercially available media can be used for biochemical 
differentiation. The methods used to identify the halophilic vibrios 
are less well defined and the tests used to biochemically differentiate 
these organisms may vary from one laboratory to another. Generally, 
standard media are used except that NaCl or electrolyte supplements 
(Blake et al. 1980; Furniss et al. 1978) must be added to support the 
growth of halophilic organisms. Tables which list biochemical tests 
useful for the differentiation of Vibrio species can be found in the 
Manual of Clinical Microbiology (Wachsmuth et al. 1980), The Vibrios 
(Furniss et al, 1978), and other publications (Agarwal et al. 1980;
Blake et al. 1980; Colwell, 1976), however, no single source includes 
descriptions of all newly proposed Vibrio species.
Culture Media.
The bacteriological media selected in this investigation were used 
for four purposes: enrichment, isolation, species differentiation, and
storage. All media was purchased through Difco Laboratories (Detroit, 
Mi.) or BBL Laboratories (Cockeysville, Md.) except where noted. 
Formulations were agreed upon by participants in a National Sea Grant 
Investigation which included investigators from Florida, Louisiana, 
Maryland and Oregon.
Enrichment media. Alkaline peptone broth (APB) (peptone 10 g, NaCl 
10 g, deionized water (d^O) 1 liter, pH 8.6) was used as an 
enrichment for Vibrio cholerae. APB was used within 2 to 3 days after
9
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preparation since the pH may drop with extended storage. APB with 
novobiocin (Sigma Chem. Co., St. Louis Mo.) and 3% NaCl (peptone 10 g, 
NaCl 30 g, 5 mg novobiocin, dH^O 1 liter, pH 8.6) was used for the 
specific enrichment of Vibrio fluvialis from environmental samples. 
Novobiocin was prepared as a 5 mg/ml solution, filter sterilized, and 
added to sterile APB.
Isolation media. Thiosulfate-citrate-bile salt-sucrose (TCBS) agar 
(Oxoid brand, KC Biological Inc., Kansas City, Mo.) was used as the 
primary plating medium for the isolation of V_. cholerae, V_. vulnificus, 
and V_. fluvialis.
Media for biochemical differentiation. Kligler iron agar (KIA), 
urea agar, and Simmons' citrate agar were prepared and used according to 
label instructions. Moeller decarboxylase base was supplemented with 
0.5% NaCl to support the growth of salt requiring vibrios and L-lysine, 
L-ornithine, and L-arginine (Sigma Chem. Co.) were added to give a final 
concentration of 1%. Gelatin agar (peptone 4 g, yeast extract 1 g, 
gelatin 15 g, agar 15 g, d^O 1 liter) was used to test for the 
production of gelatinase and the ability of isolates to grow in the 
absence of NaCl. Gelatin agar was also prepared and supplemented with 
3% NaCl. Indole test broth (Vera and Dumott 1974) (peptone 15 g, NaCl 
15 g, dH20 1 liter) was used to test for indole production by Vibrio 
isolates. The broth was incubated for 48 h and Kovak's reagent (isoamyl 
alcohol 150 ml, HC1 50 ml, paradimethylamino benzaldehyde 10 g) was used 
to develop the reaction. Salt broths (Furniss et al. 1978) were used to 
test the ability of Isolates to grow in the presence of various 
concentrations of NaCl. Broths contained 1 percent peptone and NaCl was 
added to give final concentrations of 0, 3, 6, 7 or 10 per cent NaCl.
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Purple broth base was used to test for the fermentation of the following 
carbohydrates: arabinose, mannose, sucrose, mannitol, inositol, and
salicin (Sigma Chem. Co.). Ten or 20 per cent solutions of the test 
carbohydrate were filter sterilized and added to the purple broth base. 
For salt requiring vibrios, 0.5 g/1 NaCl was added to the purple broth 
base. Hugh and Leifson oxidation-fermentation (OF) medium was used to 
test for lactose fermentation by V. vulnificus. Ten g/1 lactose and 0.5 
g/1 NaCl were added to the OF base. Tubes were incubated for four days.
Storage media. Peptone yeast extract agar slants (peptone 10 g, 
yeast extract 1 g, NaCl 5 g, agar 15 g, d^O 1 liter) were used for 
long term storage of V. cholerae cultures. Cultures stored in the dark 
at room temperature survived six months to one year without transfer. A 
stock culture maintenance medium (mobility test medium 16 g, nutrient 
broth 4 g, NaCl 1 g, dH^O 1 liter) (Clark and Steigerwalt 1977) was 
used for the long term storage of V. vulnificus and V. fluvialis. This 
semi-solid medium was dispensed in 8 ml deeps.
Procedures for Biochemical Differentiation
Oxidase test. N,N,N',N*-tetramethyl-p-phenylenediamine (Sigma 
Chem. Co.,) was prepared as a 1% solution and used within one to four h. 
The oxidase test was performed by one of two methods (Wachsmuth et al. 
1980): Kovak's Method. Several drops of reagent were used to moisten a
piece of filter paper and the test bacteria were spotted on the paper 
with wooden applicator sticks. The test was considered positive if the 
filter paper turned dark purple within 10 s. Alternatively 2 or 3 drops 
of oxidase reagent were dropped onto the 24 h growth of test isolates on 
a gelatin plate. Colonies which turned purple within 30 s to 1 min
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were considered positive. Questionable organisms were retested by the 
Kovak’s method.
String test. The string test was performed by the method reported 
by Smith (1970). A loopful of the test culture was removed from a 24 h 
slant and emulsified in a drop of 0.5% sodium deoxycholate (Sigma Chem. 
Co.) on a glass microscope slide. The mixture was tested for the 
appearance of a mucus string when the loop was lifted from the slide. 
Mucus strands which persisted for 45 to 60 s indicated a positive test.
0/129 sensitivity. Two procedures were used to test for 
sensitivity to the vibriostat 2,4-diamino-6, 7-diisopropyl pteridine 
phosphate (0/129) (Sigma Chem. Co.): 325 wg/ml of 0/129 in acetone was
used to saturate sterile filter paper disks. The disks were dried and 
stored at 4°C. Isolates to be tested were swabbed onto one quarter of a 
gelatin agar plate and a disk was placed on each quarter of the plate. 
Plates were incubated at 37°C for 24 h and were examined for a zone of 
inhibition around the disks (N.C. Roberts, personal communication).
When the second method was used heart infusion agar (HIA) with various 
concentrations of 0/129 was prepared. Forty g of HIA was dissolved in 
900 ml of d^O and sterilized at 121°C for 15 min along with one 
hundred ml of dH^O in a second vessel. The HIA and water were 
tempered to 46°C in a water bath. An appropriate amount of 0/129 was 
dissolved in the sterile water to give final concentrations of 50, 150, 
or 300 Mg/ml of the vibriostat. The 0/129 was then added to the HIA and 
plates were poured (R.J. Seldler, personal communication). Possible 
Vibrio isolates were lightly streaked onto one-eighth of a plate, 
incubated at 37°C for 24 h and examined for growth.
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Collection of Hemolymph and Fecal Samples
Hemolymph and fecal samples were collected from blue crabs at 
approximately monthly intervals from July, 1979 to August, 1980, at the 
Breaux-Daigle crab-processing plant in Pierre Part, La. The crabs were 
trapped by commercial fishermen from Vermilion Bay and were trucked on 
ice to the processing plant. Live crabs were selected at random from 
shipping boxes as they were brought into the plant. The samples were 
collected between 3:00 and 5:00 pm from animals caught earlier in the 
day.
Hemolymph samples were collected in the following manner. Crabs 
were held by the front claws and the Intersegmental membrane was swabbed 
with tincture of iodine and wiped with 70% ethanol. An 18 gauge l h  inch 
needle was inserted through the membrane into the heart region of the 
crab {see Figure 1) and approximately 1 ml of hemolymph was drawn into a 
3 ml syringe containing 0.1 ml of sterile citrated saline (NaCl 8.5 g/1, 
NaCitrate 40 g/1) to minimize clot formation. The hemolymph sample was 
immediately dispensed into 9 ml of AP broth.
Fecal samples were obtained from each crab by opening the tail flap 
to expose the lower aspect of the alimentary canal, which was massaged 
externally to expel a sample onto a cotton tipped swab. The swabs were 
placed into 9 ml of AP enrichment broth. No attempt was made to 
quantitate the sample size.
Bacteriological Work-Up of Hemolymph and Fecal Samples
Enrichment broths were transported from the processing plant to the 
lab at ambient temperature. The enrichment broths were then incubated 
at 37°C overnight. Each enrichment was streaked onto TCBS agar and the 
plates were incubated at 37°C for 18 to 24 h.
Figure 1 An illustration of the blue crab (Callinectes 
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Isolation and Identification of Vibrio cholerae
Hemolymph and fecal samples from 12 testing dates were screened for 
the presence of V. cholerae. Sucrose positive (yellow) and sucrose 
negative (green) colonies from TCBS were picked to KIA slants and were 
incubated with loosened caps at 37°C for 24 h. Slants exhibiting an 
alkaline slant and an acid butt (K./A) with no gas or production 
were streaked onto quadrants of gelatin plates with 0% and 3% NaCl, and 
incubated 24 h at 37°C. Each isolate was examined for its ability to 
grow in the absence of NaCl and for gelatinase production. An oxidase 
test was performed on the growth prior to the addition of acid mercuric 
chloride (mercuric chloride 12 g, d^O 80 ml, Cone HC1 16 ml) used to 
develop the gelatinase reaction. Isolates which showed the following 
characteristics were examined further: oxidase +, gelatinase + and the
ability to grow in 0% and 3% NaCl,
Isolates with the following characteristics were identified as V. 
cholerae: Gram-negative, oxidase +, string test +, sensitive to 50
Pg/ml 0/129, able to grow in the absence of NaCl, lysine and ornithine 
decarboxylase +, arginine dihydrolase -, Most isolates were also tested 
in urea agar, indole test broth, and Simmon's citrate agar. The 
fermentation of sucrose, arabinose, mannose, mannitol, and inositol were 
tested in purple broth base. V. cholerae were placed into Heiberg 
groups based on the ability to ferment sucrose, arabinose and mannose 
(Furniss, 1978). See Table 1.
The biochemical characteristics of V. cholerae are shown in Table
2. The minimal characteristics needed to identify V. cholerae (Hugh and 
Sakazaki, 1972) are indicated by an asterisk.
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I + + -
II - + -
III + +
IV - + +
V + - -
VI - - -
From Furniss et al 1978.
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Table 2. Biochemical Characteristics of Vibrio cholerae.




Citrate (Simmons) (+) 0 86 . 3
Hydrogen sulfide (TSI)* - 0
Urease - 0
Gelatinase + 100
Phenylalanine deaminase - 0
Lysine decarboxylase* + 99.9
nrginine dihydrolase* - 0
On.ithine decarboxylase* + 98 . 8
Growth in peptone water:
Without NaCl* + 98 . 6
With 8% NaCl - 0
Growth at 42°C + 100
ONPG + 100
Fermentation:
Glucose, acid* + 100
Glucose, gas* - 0
Vru j .  . .... ■■ (












*, Minimal characteristics needed to identify V. cholerae, d, different 
reactions, (positive), delayed reactions.
From Sakazaki and Balows 1981,
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Figure 2 shows the scheme developed during the course of this work 
as the most productive method for screening large numbers of bacterial 
isolates.
Isolation and Identification of Vibrio vulnificus
Fecal and hemolymph samples taken in May, June, and August 1980, 
were screened for the presence of V. vulnificus. Green colonies from 
TCBS agar were picked to K1A slants and isolates which produced K/A 
reactions with no gas or l^S production were streaked to gelatin plates 
with 0% and 3% NaCl. Isolates which grew on 3% NaCl only were tested 
further. The following characteristics were used to identify V_. 
vulnificus: Gram-negative, oxidase +, gelatinase +, sensitive to 50 pg
of 0/129, able to grow in up to 6% NaCl, lysine and ornithine 
decarboxylase +, arginine dihydrolase and able to ferment lactose 
within 4 days in OF medium. Table 3 lists the minimal characteristics 
suggested by Hollis et al. (1976) for the identification of _V. 
vulnificus.
Isolation and Identification of Vibrio fluvialis
Hemolymph and fecal samples from testing dates in May, June, and 
August were assayed for the presence of V_. fluvialis. On the August 
assay date, part of each hemolymph sam „’e obtained from 20 crabs was 
dispensed into AP broth containing novobiocin as a selective agent for 
\T. fluvialis. Yellow colonies picked from TCBS agar were inoculated 
into KIA slants, and those isolates which showed a K/A reaction with or 
without gas production were streaked to gelatin plates with 0% and 3% 
NaCl. Cultures which grew on 3% NaCl plates only were tested further. 
Isolates with the following characteristics were identified as V_. 
fluvialis: Gram-negative, oxidase +, gelatinase +, insensitive to 50
Figure 2 Flow diagram illustrating the method developed 









HEMOLYMPH AND FECAL SAMPLES INTO AP BROTH
STREAK ONTO TCBS AGAR 
(SUCROSE + OR -)
PICK TO KLIGLER IRON AGAR 
(k/a o) 
GELATIN AGAR?
(OXIDASE +, 0/120 SENSITIVE/ GROWTH ON QZ AND 3% NACL)
DECARBOXYLASE BROTHS
(LYSINE +/ ORNITHINE +, ARGININE -)
ARABINOSE/ MANNOSE/ INOSITOL/ MANNITOL
INDOLE/ CITRATE/ UREA
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Table 3. Minimal Characteristics Suggested for the Identification of 
Vibrio vulnificus.
Characteristic Reaction % positive
Gram-negative, asporogenous rod + 100
Oxidase + 100
Triple Sugar Iron Agar butt, acid + 100
Glucose, gas - 0
Lactose, acid + or (+) 81 (16)
ONPG + 100
Sucrose, acid 0 3
Hydrogen sulfide 0 0
L-Lysine decarboxylase + 93 (3)
L-Ornithine decarboxylase + or (+) 66 (26)
L-Arginine dihydrolase - 0
Growth in nutrient broth without NaCl - 0
Growth in nutrient broth with 6% NaCl + 100
Growth in nutrient broth with 8% NaCl 8
Parenthesis indicate reactions delayed 3 to 14 days. 
Adapted from Hollis et al 1976.
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Pg/ml 0/129, sensitive to 150 yg/ml 0/129, lysine and orithine 
decarboxylase -, arginine dihydrolase +, arabinose +, inositol -, and 
growth in 7% NaCl broth. Table 4 lists characteristics useful for the 
identification of Vibrio fluvialis.
24





Fermentation of glucose +
Oxidase +
0/129, 150 ug disk S














S, sensitive; R, resistant; V, variable reactions. 
Adapted from Lee et al. 1980.
RESULTS
Isolation of Vibrio cholerae from Crab Hemolymph and Feces
Over a period of 15 months, May 1979 to August 1980, 560 Vibrio 
cholerae isolates were recovered from the hemolymph and feces of blue 
crabs. The isolates were identified phenotypically with methods and by 
characteristics agreed upon by the participants in a National Sea Grant 
Investigation. All isolates exhibited the characteristics suggested by 
Hugh and Sakazaki (1972) for the identification of V. cholerae. Four 
hundred eighteen isolates were recovered from fecal samples and 144 from 
hemolymph.
The results of crab hemolymph assays are summarized by month on 
Table 5. A total of 546 hemolymph samples were collected and assayed. 
Sixty-five per cent of the hemolymph samples (356) yielded bacterial 
growth in AP broth, which grew on TCBS agar when subcultured. Crabs may 
have had bacterial flora not recovered by the methods used.
One-hundred eleven (20%) hemolymph samples tested were positive for 
V. cholerae and Figure 3 shows the incidence of V_. cholerae in hemolymph 
over the 15 month test period. The number of positive crabs ranged from 
a high of approximately 50% on June 13, 1980 to no V_. cholerae recovered 
from February 21 and June 30, 1980 hemolymph samples.
The numbers of presumptive halophilic Vibrio species recovered from 
hemolymph samples is also included in Table 5 and on Figure 3. Included 
in this count are salt requiring isolates which exhibited 
characteristics typical for the genus Vibrio (Gram-negative, oxidase 
positive, glucose fermentation and 0/129 sensitivity). Halophilic 
Vibrios were isolated from the hemolymph of 33% of the crabs tested.
25






























0 *-19-79 10 9 41 7 4 n.d.* n.d. o.d.
1 7-30-7} 30 It 23 22 13 4 4 13
1 1-22-79 30 21 13 24 17 20 19 21
] 9-17-79 41 39 14 9 1 41 30 34
4 10-1-79 30 39 30 11 17 11 13 ' 30
1 11—1*—79 30 24 30 11 9 17 10 11
i 1-11-10 30 27 33 9 1 17 14 19
7 2-31-10 30 9 20 0 0 3 3 3
1 4-13-10 41 27 11 1 3 3 4 9
t 3-20-10 30 31 73 4 3 47 29 30
10 6-13-10 30 41 101 32 23 1 4 21
It 1-30-10 10h 10 43 0 0 40 1 I
11 1-1-10 30 44 120 2 2 11 37 37
lotalai 341 331 740 144 111 211 177 233
total number of laelataa plckad froa TCIS placaa to t U  alaota. 
total nuabar of V, tholaraa laolacaa Identified.
Nunbar of eraba with at laaat ooo V. tholaraa laolata. 
total nuabar of laolataa Identified aa balpophlltc Vibrio app. 
Nuabar of craba vltb at laaat one halophilic Vibrio app. 
total ouabar of craba with V, tholaraa or halophilic Vibrio app, 
o.d. • oot dona
NFH daccralnaclona ware performed on 9 facal aaaplea
Figure 3 Incidence of Vibrio cholerae versus halophilic 
Vibrio spp in erab hemolymph. Closed circles represent the 
percentage of crab hemolymph samples positive for V. cholerae 
by month, open circles represent the percentage of crab hemo­
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Figure 3 shows that the recovery rates for \f. cholerae, a non-halophile, 
versus the recovery rates for salt-requiring Vibrio spp. may be 
inversely related. When the percentage of crabs positive for V_. 
cholerae were high, (June, August, and October 1979 and June 13, 1980) 
the numbers of recoverable halophiles were low. On sampling dates when 
few cholerae were isolated (June 3 and August 6, 1980) high numbers 
of halophiles were isolated. The last column in Table 5 shows the
numbers of hemolymph samples from which V. cholerae or halophilic Vibrio
spp. were isolated. Forty-seven percent of all hemolymph samples were 
positive for Vibrio spp. Figure 5 depicts the percentage of crab 
hemolymph by month from which Vibrio spp. were isolated. This figure 
indicates a seasonal variation in the recovery of Vibrio spp. from 
hemolymph samples. The incidence of recoverable Vibrio spp. decreased 
during the winter months and peaked from July through October. The 
seasonal variation is not obvious when only the recovery rates for V_.
cholerae are examined (Figure 3).
A total of 418 non-01 V. cholerae isolates were recovered from crab 
fecal samples taken at the same time as hemolymph samples. Table 6 
summarizes the findings of bacteriological assays done on crab feces.
V, cholerae was isolated from 45% of all crabs tested. Fifty-five per 
cent of the fecal samples were positive for halophilic Vibrio spp. and 
77% were positive for V_. cholerae, halophilic Vibrio spp. or both. The 
incidence of recoverable \f. cholerae from fecal samples was highest in 
August 1979 (84%) and lowest in February (14%), May (10%) and August 
(6%) 1980. As was the case with hemolymph the recovery of V. cholerae 
from crab feces occurred inversely to the isolations of halophilic 
Vibrio species. Figure 4 illustrates the comparative percentages of



























0 6-19-79 12 12 39 11 9 o.d. n.d. n.d.
1 7-10-79 28 16 11 61 13 1 1 29 .
2 1-22-79 68 67 161 81 61 10 26 67
) 9-17-79 67 66 136 21 12 81 60 61
* 10-1-79 30 67 H I 66 23 61 26 66
S 11-16-79 66 66 90 36 16 26 16 61
6 1-21-00 30 67 96 16 26 19 26 18
1 2-21-80 61 12 167 16 7 67 22 26
1 6-11-80 66 66 218 68 20 I 1 18
» 1-20-80 30 30 111 8 3 76 61 63
to 6-11-80 30 30 110 62 17 22 18 IB
tl 6-10-60 9h 9 126 7 2 237 9 9
12 8-6-80 30 68 161 1 1 39 61 61
Totalaj 327 692 1861 618 219 686 263 619
* Total nuabar ot laolatao plckad froa TCBS plataa to KIA alanta.
b Total ouabar of V. cholaraa laolataa Idantlflad.
c luabar of craba with at laaat ooa V. cholaraa laolaca.
d Total ouabar of laolataa ldaoctflad aa halooohlllc Vibrio aoo.
* Nuabar of eraba with at laaat ana halophilic Vibrio «pp.
 ̂Total nuabar of craba with cholaraa or halophilic Vibrio app.
* o.d. * not dona
h Hoat probabla nuabar (HPH) dacanlnationo wara parforaad on 5 haaolyaph aaaplaa.
LoO
Figure 4 Incidence of Vibrio cholerae versus halophilic 
Vibrio spp in crab feces. Closed circles represent the per­
centage of crab fecal samples positive for V. cholerae by 
month, open circles represent the percentage of crab fecal 








m r rrrr rrrr rrrrmrrnrr
July Aug Sept Oct Nov Jon Feb April May June July Aug
1979 1 9 8 0
to
Figure 5 Incidence of Vibrio species in crab hemolymph 
and fecal samples. Closed circles represent the percentage 
of crabs with fecal samples positive for any Vibrio species, 
open circles represent the percentage of crabs with hemolymph 
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crabs, by month, from which either V_. cholerae or halophilic Vibrio 
species were isolated. When cholerae were isolated from a large 
percentage of crabs tested the incidence of halophiles in these animals 
was low. Figure 5 shows the monthly percentage of crabs from which any
Vibrio species was isolated from fecal samples. The seasonal variation
for recovery of vibrios from fecal samples is the same as that for 
hemolymph samples except that there was a greater incidence of these 
organisms in fecal specimens at each sampling date.
Each V. cholerae isolate recovered during the period of June 1979 
to April 1980 was tested for its ability to ferment sucrose, arabinose 
and mannose so as to classify it in a Heiberg group. Table 7 shows the
Heiberg groups recovered from hemolymph and fecal samples for the eight
sampling dates. The number of crabs carrying each Heiberg group is 
shown for each month. When isolates are classified in the Heiberg 
groupings it can be seen that not all V. cholerae isolates recovered 
from a single crab are phenotypically identical. Some crabs yielded 
isolates representative of 3 different Heiberg groups. V_. cholerae 
isolates were were found to belong to groups I, II, V and VI. The
majority of isolates were found to be groups I, II, and V.
All V. cholerae isolated from both hemolymph and fecal samples
belong to serovars other than 0-antigen group I. The isolates were
serotyped by slide agglutination using 15 antisera developed in our 
laboratory (Yusof, 1979). Table 8 lists the most prevalent serovars 
found in crabs. No obvious pattern of serovar recovery was found 
although serovar I was a prevalent serovar on half of the assay dates. 
Approximately half of all crabs tested yielded isolates which could not 
be serologically typed with the 15 available antisera. Most crabs
36
Table 7. Heiberg Groupings for V. cholerae Isolates.
No. Crab No. Crabs No. Crab No. Crabs
hemolymph pos. for each feces pos. for each
Assay pos. for Heiberg pos. for Heiberg



























































































































1 70 K 18 45 40
G 18
H 31
2 86 L 20 50 39
D 11
3 32 A 16 16 58
H 24
4 62 F 20 52 41
M 12
K 23
5 74 I 23 47 38
0 11
6 60 G 17 26 62
J 8
7 14 A 28 43 57
1 14
A 21
8 46 I 10 36 57
N 10
9 18 I 55 66 34
N 11
G 43
10 85 J 31 68 29
I 14
Percentage of crabs with hemolymph or fecal V_. cholerae isolates.
•L.
Most prevalent serovars indicates those serovars found in the greatest 
number of crabs.
Number indicates the percentage of crabs in which each serovar was 
found.
38
^ Percent of prevalent serovars indicates the percentage of crabs with 
one of the serovars listed.
e Percent of crabs with non-typable serovars.
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carried more than one serovar and different serovars were often found in 
the hemolymph and feces of a single animal (data not shown).
Isolation of Vibrio vulnificus from Crab Hemolymph and Feces
Hemolymph and fecal samples collected during the period from May to 
August 1980 were assayed bacteriologically for Vibrio vulnificus. 
Sucrose-negative, halophilic vibrios were selected and tested for: 
sensitivity to the vibriostat 0/129, the ability to decarboxylate lysine 
and ornithine, and for their ability to ferment lactose in OF medium.
Table 9 summarizes the bacteriological findings for the recovery of V_. 
vulnificus from crabs. _V. vulnificus isolates were recovered from 
the hemolymph of 15 of 160 crabs, and 26 V. vulnificus isolates were 
recovered from fecal samples from 159 crabs tested. There were no 
isolations of vulnificus on June 13, 1980, however, two weeks later 
88% of fecal samples and 10% of hemolymph samples tested yielded V. 
vulnificus. These isolations correspond to the increased isolation of 
halophilic Vibrio species on these sampling dates (see Figures 3 & 4). 
Isolation of Vibrio fluvialis from Crab Hemolymph and Feces
Fecal and hemolymph samples taken from May through June, 1980 were 
also examined for the presence of fluvialis. Sucrose-positive, 
halophilic vibrios were picked and tested for sensitivity to 0/129 (150 
pg/ml) and their ability to produce arginine dihydrolase. Table 10 
shows the bacteriological findings for these five test dates. V_. 
fluvialis was recovered from hemolymph of two crabs (1.2%) out of 160 
sampled. Isolates were recovered from hemolymph only in August 1980. 
Forty-one y_. fluvialis isolates were recovered from the fecal samples of 
29 crabs during this same period. In August 1980, a novobiocin 
enrichment was used to enhance the recovery of this organism.
Table 9. Isolation of V_. vulnificus from Crab Hemolymph and Feces.



















5-20-80 50 3 3 6 50 2 1 2
6-13-80 50 0 0 ' 0 50 0 0 0
6-30-80 ioa 2 1 10 93 18 8 88
8-6-80 50 11 11 22 50 6 6 12
Totals 160 16 15 (15/160) 159 26 15 (15/159)
a Samples used for 15 tube MPN determination.
4>O
Table 10. Isolation of Vibrio fluvialis from Crab Hemolymph and Feces.



























8 50 0 0 0 50 9 9 18 8/9
9 50 0 0 0 50 4 4 8 0/4








0 ” • (20) 20 12 60 18/20
Totals 160 2 2 1.25%
(2/160)
159a 41 31 24%
(39/159)
27/43
3 Total number of crabs sampled. Twenty samples were divided between AP broth and AP broth with 
novobiocin.
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V. fluvialis is more resistant to novobiocin than other Vibrio species 
(novobiocin resistance among Vibrio species parallels the resistance to 
0/129 (Furniss et al. 1978)). A portion of each sample was inoculated 
into the novobiocin enrichment and the remainder into AP broth. Twelve 
of 20 samples (60%) enriched in novobiocin and only 3 of 50 samples (6%) 
enriched in AP broth yielded _V. fluvialis isolates. One AP enrichment 
yielded a V_. fluvialis isolate while the companion novobiocin enrichment 
did not. V_. fluvialis is divided into 2 biotypes based on the ability 
to produce gas from glucose. Twenty-seven isolates (63%) were aerogenic 
and 66% of the aerogenic isolates were recovered from the novobiocin 
enrichment. AP enrichment broths for May and June yielded 44% aerogenic 
and 66% non-aerogenic isolates.
DISCUSSION
The 1978 cholera outbreak In Louisiana was linked to the 
consumption of improperly cooked blue crabs (Blake et al. 1980). The 
outbreak gained national attention and crippled the seafood industry in 
Louisiana during the fall of 1978. Reports of 01 _V. cholerae in the 
United States are scarce (Colwell et al. 1977; Kaper et al. 1979) and 
the Louisiana outbreak has rekindled interest in the ecology of 01 and 
non-01 _V. cholerae. During a 15 month period 560 _V. cholerae were 
isolated from the hemolymph and feces of blue crabs captured from 
Vermilion Bay, La. All isolates were serologically typed and no 01 _V. 
cholerae were recovered. Several of these isolates appeared to be 01 
serovars when tested with commercial (Difco) and other antisera, 
however, the isolates did not agglutinate in mono-specific (anti A, B, 
or C determinant) antisera prepared in our laboratory (results not 
shown). Other investigators have isolated 01 cholerae from the 
environment. They have been isolated from oysters in Florida (Hood et 
al. 1981), water in Chesepeake Bay, and from sewers and canals in 
Louisiana (Colwell et al. 1981). These 01 isolates were recovered from 
areas free of fecal contamination and in Louisiana, from cholera-free 
areas.
Epidemiological evidence strongly implicated crabs as the source of 
01 V_, cholerae in the 1978 outbreak of cholera in Louisiana (Blake et al. 
1980). Our investigation shows that while crabs carry non-01 
cholerae serotypes, 01 cholerae are either not present or are not 
recoverable from hemolymph and fecal samples. During the 1978 outbreak 
the FDA monitored crabs leaving Louisiana for the presence of 01
43
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2L* cholerae but none were detected during the surveillance period 
(Blake, personal communication). It has been suggested that 01 V_. 
cholerae may be present but unrecoverable from the environment (Sizemore 
et al. 1982) and that 01 17. cholerae become recoverable only under 
undefined environmental conditions. Singleton et al. (1982) 
demonstrated that at suboptimal salinity and nutrient concentrations, 01 
17. cholerae could be detected by epifluorescence microscopy, but that 
culturable cells were not detectable. The authors hypothesized that 
this might account for the disappearance of V_. cholerae between 
epidemics in cholera-endemic areas of the world. A cholera outbreak in 
Texas in 1981 (MMWR, Sept. 10, 1982) supports the theory that 01 17. 
cholerae are endemic to the Gulf Coast of the United States. The 
strains isolated from cholera victims in 1978 and 1981 are identical, by 
characteristics tested, to the isolate recovered in 1973 from a cholera 
victim in Port Lavaca, Texas suggesting that toxigenic 01 17. cholerae 
have persisted in this region for at least 8 years (MMWR, Sept. 10, 
1982). We have shown that the bacterial flora of crabs from Vermilion 
Bay includes non-01 V. cholerae and other Vibrio spp. Were the 
environmental conditions to become optimal for the growth of 01 V. 
cholerae in a given coastal area, crabs and other shellfish might become 
"carriers" of the 01 serovar. The 1978 Louisiana outbreak may have 
occurred during such optimal conditions.
During the course of this investigation successful attempts were 
made to isolate two other pathogenic species, 17. fluvialis and _V. 
vulnificus. A novobiocin enrichment for V. fluvialis provided good 
recovery of the aerogenic biotype. The usefulness of the enrichment for 
the non-aerogenic biotype is questionable. _V. parahaemolyticus, 17.
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alginolyticus, and V_. anguillarum organisms were also recovered although 
no effort was made to identify or enumerate these species on a regular 
basis. The recovery of several Vibrio species associated with disease 
states in man accentuates the need for proper handling of crabs 
regardless of the threat of Asiatic cholera.
The isolation of Vibrio spp. from the environment appears to be 
dependent on temperature and salinity. Kaneko and Colwell (1974) and 
Colwell et al. (1977) have reported that V_. cholerae and V_. 
parahaemolyticus can be isolated from Cheseapeake Bay when water 
temperatures are between 15°C and 20°C. Tubiash et al. (1975) reported 
an increased number of crabs with sterile hemolymph and a decrease in 
bacterial hemolymph burdens among non-sterile samples during the winter 
months. V. parahaemolyticus was recovered from crab hemolymph samples 
only from May to November (Sizemore et al. 1975). Davis and Sizemore 
(1982) have reported finding no significant difference in the total 
bacterial levels in the hemolymph of crabs collected from Galveston Bay 
during different seasons, but did note an increase in the percentage and 
actual numbers of colony forming units classified as Vibrio spp. during 
the summer months.
We observed a decrease in the incidence of Vibrio species in 
hemolymph and fecal samples from November through April (Figure 5). The 
decrease in the incidence of V. cholerae was observed during the winter 
months but a low frequency of recovery of _V. cholerae was also observed 
in May, June, and August, 1980 when the recovery of halophilic Vibrio 
species was high (see Figure 3). This indicates that temperature alone 
does not account for the incidence of recovery of V. cholerae from 
hemolymph and fecal samples. The data shown in Figures 3 and 4
indicate an inverse relationship between the incidence of Vibrio 
cholerae, which has no stringent requirement for NaCl and halophilic 
Vibrio species which require the addition of 0.5 to 1.0 percent NaCl or 
other salt mixtures for growth in standard laboratory media. Colwell et 
al. (1977) and Kaper et al. (1979) showed that a relationship existed 
between salinity and the recovery of cholerae and other Vibrio 
species in Chesepeake Bay. Water stations yielding V_. cholerae had 
salinities between 4 and 17 parts per thousand (0.4 to 1.7%) while V_. 
cholerae was not recovered from water samples above or below these 
salinities. V_. parahaemolyticus and other Vibrio species were recovered 
more frequently at higher salinities (Colwell et al. 1977). The inverse 
relationship observed between the recovery of V_. cholerae and halophilic 
Vibrio spp. in this investigation might be related to salinity 
variations in Vermilion Bay. Salinities from 0.7% to 3.1% have been 
recorded from Vermilion Bay (Larson et al. 1982). The hemolymph and 
fecal flora of crabs may reflect the composition of the bacterial flora 
of sediment and the water column. Sizemore and Davis (1982) reported 
that the incidence of \f. cholerae in the hemolymph of crabs from 
Galveston Bay was 3.5% while we have found it to be 20%. Essentially 
the same characteristics were used to identify V_. cholerae isolates in 
both studies. Sizemore and Davis also reported that the incidence of V_. 
parahaemolyticus and V. vulnificus in the hemolymph was 30% and 9% 
respectively. The low incidence of V. cholerae in their study may 
reflect the high incidences of these two halophiles, especially V. 
parahaemolyticus. During the summer, Sizemore and Davis found that the 
incidence of V_. parahaemolyticus in hemolymph samples was 40% during
h i
which time they recovered no V. cholerae. This is similar to our 
findings for June 30 and Aug. 6, 1980 (See Figure 3).
Davis et al. (1981) suggested the creation of a new vibrio species,
X* niimicus, to include those organisms formerly regarded as sucrose 
negative V_. cholerae. Their designation of a new species is based on 
DNA homology studies and differences in biochemical differentiation 
tests (sucrose, Vogues-Proskauer, corn oil, Jorden tartrate, and 
polymyxin sensitivity). In our study, approximately one-half the V_. 
cholerae isolated did not ferment sucrose and were placed in Heiberg 
group V. These isolates should be designated as V_. mimicus according to 
Davis et al. The new species designation has not been formally 
accepted.
This investigation indicates that crabs can and do harbor many 
Vibrio species. The prevalence of a given species may depend on 
environmental conditions such as salinity and water temperature. V_. 
parahaemolyticus, V . cholerae (and V_. mimicus) , fluvialis and V_. 
vulnificus have all been associated with disease states in man. Their 
presence in crabs and in the environment as autochthonous species 
suggests that sporadic outbreaks of disease caused by these organisms 
will continue to occur in coastal areas.
PART II Assay of Environmental Vibrio cholerae Isolates 




The primary cholera symptom is severe, watery diarrhea caused by 
the elaboration of cholera toxin (CT), a heat labile enterotoxin, by 
toxigenic V_. cholerae adhering to the mucosal lining of the small
intestine (Holmgren, 1981; Field, 1979). CT binds to ganglioside
receptors on the intestinal epithelium and produces changes in the 
capacity of these cells to absorb ions and water (Moss and Vaughan, 
1979). Recent reviews by Holmgren (1981), Holmgren and Lonnroth (1980), 
Moss and Vaughan (1979), and Field (1979) describe the characteristics 
and mode of action of CT.
CT is an oligomeric protein with a molecular weight of 84,000. CT 
has two subunits, a single heavy subunit (A subunit) with a molecular 
weight of 28,000 and an aggregate (58,000 mol wt) of five light subunits
(B subunits). Each B subunit has a molecular weight of 11,600. The A
subunit is composed of A^ and pieces which are linked by a single 
disulfide bond. The A subunit appears to be synthesized as a single 
polypeptide which is nicked by extracellular proteases. The B subunits 
are aggregated in a ring by tight, non-covalent bonds. The A subunit is 
partially inserted into the B ring where it is held in place by weaker 
non-covalent bonds.
The biological activities of the A and B subunits have been 
determined (Holmgren and Lonnroth, 1980; Moss and Vaughan, 1979). The B 
ring binds to the gut epithelium and does not possess enzymatic 
activity. The A subunit does not participate in the binding action and 
is non-toxic for intact cells. Purified A subunits or the A^ fragments 
do act on cell free extracts by activating adenylate cyclase. The B
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subunit of CT binds to monosialoganglioside (Grâ ) on cell surfaces. 
Gangliosides are glycolipids that consist of a hydrophobic ceremide 
moiety and a hydrophilic carbohydrate moiety. The carbohydrate 
composition of the molecule determines the major types of gangliosides 
and is responsible for the interaction between Gm^ and CT (Holmgren and 
Lonnroth, 1980; Moss and Vaughan, 1979). After cells are exposed to CT 
a 10 to 60 min lag period (depending on host cell) elapses before 
activation of adenylate cyclase activity can be detected. The 
activation process occurs in all cells which exhibit Gm^ receptors on 
their surfaces.
Adenylate cyclase is a membrane bound, Mg++ dependent enzyme that 
catalyzes the conversion of ATP to 3'5'-cyclic AMP (cAMP) and inorganic 
phosphate (Lenninger, 1975). In its active form adenylate cyclase is 
complexed with GTP. The hydrolysis of GTP to GDP converts adenylate 
cyclase from an active to an inactive form. The activation of adenylate 
cyclase in cell free extracts by CT requires NAD, GTP, and a calcium 
dependent cofactor (Moss and Vaughan, 1979). CT has NAD glycohydrolase 
activity and can catalyze the transfer of ADP-ribose to arginine and 
related compounds (Moss and Vaughan, 1979). It appears that the 
activation of adenylate cyclase occurs as the result of ADP-ribosylation 
of either the cyclase itself or a regulatory subunit of the cyclase 
system (Field, 1979). Preliminary evidence suggests that the natural 
acceptor for ADP-ribose is a guanosine-triphosphatase (GTPase). The 
ADP-ribosylation of this protein causes inhibition of GTPase activity 
thereby activating adenylate cyclase and keeping it in the active form 
(Cossel and Selinger, 1977).
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The increase in intracellular levels of cAMP, brought about by the
activation of adenylate cyclase, exerts different effects in different
cell types. In the gut epithelium of the small intestine activation of
adenylate cyclase leads to a change in cell permeability. The
intestinal epithelium normally shows a net absorbtion of Na+ and Cl and
a secretory flux of HCO^ . An Increase in cAMP leads to the
—disappearance of net Na absorbtion, net Cl transport reverses and 
the secretion of HCO^ remains the same or increases (Field, 1979) .
The net eflux of ions leads to the secretion of water, which passively 
follows ion movements. The action of cAMP in epithelial cells effects 
only the coupled uptake of Na+ and Cl . The Na+ coupled uptake of 
glucose or the neutral amino acids is not Impaired. Fluid losses in 
cholera patients can be replaced orally if glucose is added to 
electrolyte solutions (Holmgren, 1981).
Several experimental methods are used to detect CT production by V. 
cholerae isolates. Animal models used include: (1) the production of
diarrhea in infant rabbits and adult mice following the oral 
administration of V_. cholerae cultures or culture filtrates (Dutta and 
Habbu, 1955, Dutta et al 1959; Fujita and Finkelstein, 1972), (2) mouse 
lethality following the intraveneous injection of culture filtrates 
(Craig, 1971), (3) ligated rabbit ileal loops (RIL) used to measure 
fluid accumulation (De and Chatterjee, 1953; De, 1959), (A) skin 
reactions produced by intradermal injection of culture filtrates into 
the dorsal aspects of the rabbit (Craig 1965), and recently (5) the 
adult rabbit has been used to determine the level of diarrhea following 
the oral administration of V. cholerae after ligation of the cecum 
(Spira et al, 1981). Y-l adrenal cells and Chinese hamster ovary (CHO)
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cells are used as target cells for CT action. CT causes rounding of Y-l 
adrenal cells (Sack and Sack, 1975) and elongation of CHO cells 
(Guerrant et al, 1974). Serological assays which utilize antisera to 
highly purified CT include radioimmunoassays (Greenberg et al, 1977), 
enzyme-linked Immunosorbant assays (ELISA) (Sack et al, 1980), 
Staphylococcal coagglutination (Brell et al, 1979), and passive immune 
hemolysis (Evans and Evans, 1977). Serological assays which utilize 
antisera to highly purified CT are more specific than biological assays 
since the latter may detect the activities of toxic products other than 
CT. The production of monoclonal antibodies to CT has provided 
antibodies with specificity for the A and B subunits of CT (Remmers et 
al, 1982). Kaper et al (1981) have developed an assay for the detection 
of CT genes using an Escherichia coli heat labile toxin (LT) gene probe. 
CT and LT are biochemically and serologically similar and the amino acid 
and nucleotide sequences of LT are very similar to those of CT (Dallas 
and Falkow, 1980; Spicer et al. 1981). This assay has been used to 
detect the presence or absence of CT genes in 01 and non-01 \f. cholerae.
Traditionally only 01 V_. cholerae have been Implicated in CT 
production, however, non-01 \f. cholerae have been reported to produce 
diarrhea in animal models, provoke fluid accumulation in RIL, and show 
toxicity for Y-l adrenal and CHO cells (Craig et al. 1981). Spira and 
Daniel (1980) used a battery of biological assays to characterize non-01 
V. cholerae isolates from patients with diarrhea. Culture filtrates 
from these isolates produced diarrhea in infant rabbits, fluid 
accumulation in ileal loop assays, positive skin tests in the rabbit 
dermis, and cytopathic effects in CHO and Y-l adrenal cells. Kaper et 
al (1979) reported that non-01 V_. cholerae from Chesepeake Bay were
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toxic for Y-l adrenal cells and caused fluid accumulation in RIL assays, 
however, these strains were not tested for CT production by any 
non-biological assay,
Kaper et al. (1981) found genes hybridizing with an EL coli LT 
probe in two non-01 _V. cholerae from patients with diarrhea and Craig et 
al. (1981) reported a non-01 VL cholerae strain, isolated from fresh 
water in Louisiana which produces a toxin biologically and 
immunologically indistinguishable from CT.
In the present study a ganglioside-ELISA was used to assay \f. 
cholerae crab isolates for the production of CT. Non-01 and 01 
V, cholerae isolated from sewer systems and canals in Louisiana were 
also tested in this study. The ganglioside-ELISA uses the ganglioside 
Gm^ in the precoat layer. Svennerholm and Holmgren (1978) and Sack et 
al (1980) have described the use of a ganglioside-ELISA for the 
detection of CT and LT. The assay takes advantage of two specificities 
for CT and LT: (1) their ability to bind to Gm^ and (2) to react with
anti-CT. Sack et al (1980) reported that 265 pg/ml of CT and 285 pg/ml 
of crude El. coli LT could be detected by this assay.
The ganglioside-ELISA uses Gm^ to precoat the wells of a microtiter 
plate. CT (if present in culture supernatant fluids) when added to each 
well, will bind to the Gm^. The CT can now be detected and reacted 
upon by rabbit anti-cholera toxin (ACT). Bound ACT can be detected by 
the addition to each well of goat anti-rabbit IgG-alkaline phosphatase 
conjugate. Alkaline phosphatase is conjugated to purified goat IgG 
(from anti-rabbit IgG antisera) by 0.2% glutaraldehyde (Voller et al 
1976). When done properly the conjugate retains specificity for the 
antigen (rabbit IgG) and enzymatic activity. The presence of the
conjugate serologically bound to ACT can be detected by the addition of 
the colorless substrate, p-Nitrophenyl phosphate which turns yellow upon 
the enzymatic removal of the phosphate group. The ganglioside-ELISA 
takes advantage of the specificity between Gm^ and CT. Theoretically 
any enterotoxin which reacts specifically with Gnij and ACT should be 
very similar to CT, as is IL. coli LT.
MATERIALS AND METHODS
Conditions for Toxin Production
Three hundred eighty non-01 and 16 01 Vibrio cholerae isolates were 
tested for toxin production. Two hundred twenty of the non-01 _V. 
cholerae were obtained through N. C. Roberts, Lake Charles Regional 
Laboratory, La. Dept, of Health and Human Resources, Lakes Charles, La. 
These isolates were collected from sewer systems and canals in Lake 
Charles. The remaining non-01 \J. cholerae isolates were recovered from 
crabs. The 01 V. cholerae isolates were obtained through N. C. Roberts 
and Dr. H. B. Bradford, La. Dept, of Health and Human Resources, New 
Orleans.
A casamino acids-glucose medium with yeast extract (CAA-YE) 
(casamino acids 30 g, yeast extract 3 g, glucose 2 g, K^HPO^ 0.5 g,
1 liter dH^O, pH 8) (Sack et al. 1980) was used to promote toxin 
production.
Each \/. cholerae isolate was transferred to Tryptic Soy Agar
(Difco) and incubated overnight at 37°C. A loopful from each slant was
innoculated into 25 ml of CAA-YE in a 250 ml Erlenmeyer flask. The 
flasks were incubated for 24 to 48 hours under one of the following 
conditions: 37°C, stationary culture, 37°C, 100 rpm on a rotary shaker,
or 30°C, 240 rpm on a rotary shaker.
The cells were sedimented by centrifugation at 6000 x g at 4°C for
30 min in a Sorvall RC2-B centrifuge. Approximately 10 ml of 
supernatant fluid was withdrawn and delivered into a screw capped tube 
which contained 0.2 ml of 0.1% Thimerosol (Sigma Chem. Co.). The 
preserved supernatant fluids were stored at 4°C.
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Preparation of Anti-Cholera Toxin
Cholera toxin (CT) (Sigma Chem. Co.) was used to immunize two New 
Zealand White rabbits for production of anti-cholera toxin (ACT). The 
first rabbit was injected intradermally with 30 yg of CT in Freund's 
complete adjuvant (Difco) on day 0, and with 20 yg of CT in incomplete 
adjuvant subcutaneously (s.c.) on day 21 and with 10 yg of CT in saline 
s.c. on day 41. The animal was exsanguinated 10 days later. A 
capillary tube precipitin test was performed using 1 mg/ml CT as the 
antigen and a precipitin titer of 80 was observed. A second rabbit was 
immunized according to the same schedule except that 30 yg of CT was 
used for each of the 3 immunization injections. The titer was 160 by 
the precipitin test.
ELISA for Detection of CT
The enzyme-linked immunosorbent assay (ELISA) procedure used to 
detect CT was modified from a protocol described by Sack et al. (1980).
The assay was performed in 96 well flat bottomed polystryrene microtiter 
plates (Dynatech Laboratories, Alexandria, Va.). The wells were coated 
with the CT receptor monosialoganglioside (Gm^) (Supelco Corp.,
Bellfonte, Pa.) by dispensing 0.2 ml of 1 yg/ml Gm^ in phosphate 
buffered saline (PBS) (8 g/1 NaCl, 0.2 g/1 KH2P0A> 1.4 g/1 Na2HP04>
0.2 g/1 KC1, 0.2 g/1 NaN^) to each well. The Gm^ solution was 
prepared by delivering an aliquot of Gm^ (received and stored in 
chloroform-methanol) to a dry flask and the solvents were evaporated 
before the addition of PBS. The plates were covered and incubated at 
room temperature overnight. The plates were washed three times with PBS 
containing 0.5 ml/1 Tween-20 (Sigma Chem. Co.) (PBS-Tween). The wash 
steps were done by filling each well to capacity using a Cornwall
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syringe or a Dynatech Miniwash (Dynatech Labs Inc.) followed by a three 
minute incubation period.
FttSdowing the wash steps each well was filled with 0.2 ml of 
antigen, a mixture of 0.8 ml of supernatant fluid and 0.2 ml of 5X 
PBS-Tween which contained 5% bovine serum albumin (BSA) (Sigma Chem.
Co.). Each individual antigen solution (culture supernatant fluid) was 
added to 6 to 10 wells of the microtiter plate. Negative control wells 
each received CAA-YE with 1% BSA while positive control wells each 
received either CT or the supernatant fluid harvested from a toxigenic 
01 _V. cholerae, strain 5875 El Tor Inaba. After the addition of 
antigen, each plate was covered, incubated at room temperature 
overnight, and then each well was washed four times with PBS-Tween.
Next, 0.2 ml aliquots of a 1:500 dilution (in PBS-Tween with \°L 
BSA) of ACT or normal rabbit serum (NRS) were added to each well. The 
dilution of ACT was determined by a checkerboard titration with CT and 
an alkaline phosphatase-anti IgG-conjugate. NRS was used as the 
negative serum control and was added to half of the wells holding each 
antigen (supernatant fluid) tested. The plates were floated in a water 
bath at 37°C for 1 to 2 hours and then the wells were washed four times 
with PBS-Tween.
In the next step a goat anti-rabbit IgG alkaline 
phosphatase-conjugate was added to each well. The conjugate used was 
prepared by the method of Voller et al. (1976) and was used at a 1:400 
dilution. A second conjugate (Sigma Chem. Co.) was used at a 1:1000 
dilution. The conjugates were diluted in PBS-Tween containing 1% BSA 
and 0.2 ml aliquots were added to each well. Plates were floated in a
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water bath at 37°C for 1 to 2 hours and washed four times with 
PBS-Tween.
Two tenths ml of p-nitropheny1-phosphate (lmg/ml) (Sigma 104 
phosphatase substrate, Sigma Chem. Co.) in diethanolaraine buffer (97 
ml/1 diethanolamine, 0.2 g/1 NaN^, 0.1 g/1 MgCl^’6^0, pH 9.8, stored at 
4°C) was added to each well. The plates were incubated at 37°C and 0.05 
ml of 3 M NaOH was added to each well to stop the reaction. The 
absorbance (A) was determined for the contents of each well at 405 nm. 
Culture supernatant fluids were considered positive for CT activity when 
the average A reading was twice that of negative control (usually 0.05 
to 0.15 A) or greater (a positive to negative ratio (P/N) of greater 
than or equal to 2).
RESULTS AND DISCUSSION
Three hundred ninety-six non-01 and 01 V_. cholerae were tested for 
their ability to produce cholera toxin (CT) by the ganglioside-ELISA 
method. No CT was detected In the culture supernatant fluids produced 
by 220 crab isolates, while five non-01 V. cholerae recovered from 
a canal in Lake Arthur, La. gave positive results upon repeated testing. 
Thirteen of fifteen 01 cholerae tested were also positive in the 
ELISA. Table 11 lists the data and source of isolation for each of the 
01 _V. cholerae and ELISA positive non-01 V . cholerae tested.
Nine V . cholerae 01 Inaba isolated in 1981 from sewers in Lake 
Charles, La, gave positive values (P/N ratio) ranging from 2 to 8. Two 
V_. cholerae 01 Ogawa were isolated from the Lake Charles sewers one week 
later and were negative for toxin production. Five toxigenic V_. 
cholerae 01 Inaba were recovered from a canal in Lake Arthur, La. during 
the 1978 cholera outbreak and gave positive results ranging from 2.5 to 
11. Kaper et al (1980) have reported the presence of CT genes in these 
isolates by hybridization with an Ê. coli LT gene probe. The only 
toxigenic non-01 V_. cholerae found were also recovered from Lake Arthur 
during the 1978 cholera outbreak. The P/N ratio for these isolates 
ranged from 2.2 to 13.
All 01 \f. cholerae tested to date, (with the exception of the two 
Ogawa strains from Lake Charles) produced detectable levels of CT in 
shaking or stationary cultures at 37°C. All non-01 isolates tested were 
negative for CT production (or produced CT at below detectable levels) 
at 37°C. The five Lake Arthur isolates were positive only when grown at 
30°C at 240 rpm. Stephenson et al. (1981) reported that toxigenic
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Table 11, Listing of Toxigenic 01 and non-01 V. cholerae
Isolate
Number Serovar Source Date
Average
P/N
N-32 01 Inaba Lake Arthur 11-10-78 3.3
N-33 H downstream n 3.3
N-35 t l from sewage i t 2.5
N-44 I t treatment 11-13-78 13.3
N-30 VC 34 plant 11-10-78 4.5
N-31 VC 34a i t i i 2.6
N-34 VC-X82a i i t t 2.2
N-36 VC-unknown i i i i 13.0
N-37 VC-5a I I i i 2.6
N-230 not typed I t 11-15-78 5.25
7697 01-Inaba Lake Charles 6-23-81 3.0
7698 11 sewer i i 3.6
7699 11 t l t i 3.4
7700 I I I I i t 3.4
7704 I t I I t i 3.6
7705 I I I I n 8.2
7726 I t t l i i 3.0
7727 11 I I i i 2.3
7728 f t t l i t 3.0
7730 01-Ogawa I I t i .95
(negative)
7740 i t I I t i I t
Sakazaki serovars (Shimada and Sakazaki, 1977)
61
non-01 and 01 \f. cholerae produce maximal levels of CT in CAA-YE at 
30°C, 240 rpm and pH 6.8, and levels of toxin produced decreased when 
the temperature was elevated. Sack et al. (1980) reported the 
equivalent amount of ELISA activity was produced by classical and El Tor 
V- cholerae in shaking cultures at 37°C and 30°C, however they did not 
report any results for non-01 _V. cholerae. Defining the proper culture 
conditions for toxin production by organisms being tested is an 
experimental variable for the ELISA as well as for other serological or 
biological toxin assays.
Figure 6 shows the sensitivity of the ELISA in our lab. Sack et 
al. (1980) reported they could detect 265 pg/ml of CT however we 
consistently detected CT at levels closer to 1 ng/ml. With negative 
controls at 0.1 0D, readings of 0.2 0D were considered positive. We 
made two modifications of the ELISA procedure as reported Sack et al. 
(1980): (1) the addition of 5X PBS-Tween with 5% BSA to supernatant
fluids and (2) inclusion of pre-immune serum (NRS) as a negative 
control. Undiluted supernatant fluids of some 01 and non-01 V_. cholerae 
gave positive reactions when added to the Gm^ coated wells when NRS or 
ACT was used in the third step of the procedure (to detect bound CT). 
Apparently a factor elaborated by some V_. cholerae isolates was adhering 
non-specifically to the wells and reacting with IgG in the NRS. This 
IgG was then detected by the Anti-rabbit IgG alkaline phosphatase 
conjugate. The serum from several non-immunized rabbits was tested and 
the same results were obtained. The addition of 0.2 ml of 5X BSA to 0.8 
ml of supernatant eliminated the non-specific reaction. PBS-Tween with 
1% BSA was also used in subsequent steps of the ELISA to eliminate the 
non-specific adherence of IgG or conjugate to the wells.
Figure 6 Graph of concentration versus absorbance showing 
the sensitivity of the ganglioside-ELISA for pure cholera toxin. 
Circles and bars indicate the mean and 2 standard errors for 
4 experiments. Dilutions of cholera toxin in phosphate buffered 
saline were tested in 10 wells of a Gml coated microtiter plate 




















The recovery of toxigenic non-01 V. cholerae from the environment 
at the same time 01 V_. cholerae were isolated from crabs suggests a 
potential relationship betwen toxigenic non-01 V_. cholerae and human 
disease. Kaper et al. (1981) found CT genes only in non-01 V_ cholerae 
isolated from patients with diarrheal disease. Included in their study 
were environmental isolates from Louisiana (although not the strains we 
found positive for CT by the ELISA). Craig et al. (1981) also reported 
CT production by a non-01 \7 cholerae (E8498) recovered from the DeWitt 
canal in Louisiana. The Isolate was recovered near the site of 
isolation of two \/. cholerae Inaba.
One possible explanation for the isolation of toxigenic non-01 V. 
cholerae in conjunction with toxigenic 0-1 cholerae is serotype 
conversion from an 01 to non-01 serotype although this has not been 
previously reported. The two way conversion between Inaba and Ogawa 
serotypes has been reported (Sack and Miller 1969). In mono­
contaminated gnotobiotic mice, conversions from Ogawa to Inaba and Inaba 
to Ogawa were associated with the appearance of agglutinating antibody 
in the serum. In addition Shechey et al. (1966) reported the isolation 
of _V. cholerae Ogawa from a laboratory technician accidently infected 
with an Inaba strain (there were no Ogawa serotypes in the laboratory at 
the time of infection).
The evidence that toxigenic non-01 _V. cholerae are found when 
toxigenic 01 _V. cholerae are present suggests that non-01 V cholerae 
should be monitored for toxin production in conjunction with cholera 
outbreaks.
PART III Purification of a Permeability Factor from 




The taxonomic name Vibrio fluvialis was recently proposed by Lee et 
al. (1981) for organisms previously referred to as group F (Furniss et 
al. 1979) or group EF-6 (Huq et al. 1980). V. fluvialis phenotypically 
ressembles Aeromonas spp, but can be differentiated from Aeromonas by 
NaCl tolerance and sensitivity to the vibriostat 2,4-diamino-6, 
7-diisopropyl pteridine (0/129). fluvialis has been placed in the 
genus Vibrio based on guanine plus cytosine values (which average 50%) 
and DNA homology studies (Lee et al. 1981; Seidler et al. 1980).
V_. fluvialis has been isolated from patients exhibiting severe 
diarrheal disease in the absence of other known pathogens. Outbreaks of 
V. fluvialis induced gastroenteritis have occurred in Jordan, Bahrain, 
and Bangladesh (Lee et al. 1978). In Bangladesh \f. fluvialis was 
responsible for 500 cases of diarrheal disease which occurred over a 7 
month period (Hug et al. 1980). _V. fluvialis has also been isolated
from estuarine environments in Britain (Lee et al. 1981) and the United 
States (Seidler et al. 1980). The species is divided into 2 biovars 
based on gas production from glucose. Both aerogenic and anaerogenic 
biovars have been recovered from the environment, however only the 
anaerogenic biotype has been isolated from patients with diarrheal 
disease.
Several investigators have reported independently that fluvialis 
elaborates enterotoxic and cytotoxic products. Seidler et al. (1980) 
reported that anaerogenic strains initiated cytotoxic and cytotonic 
responses in Y-l adrenal cells and fluid accumulation in rabbit ileal 
loops (RIL). Fluid accumulation in RIL and the cytotonic response
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observed in Y-l adrenal cells were typical of the responses elicited by 
CT and IS. coli heat labile toxin (LT). Agarval and Sanyal (1980) tested 
the toxic properties of culture supernatant filtrates from V. fluvialis 
by fluid accumulation in RIL, the suckling mouse assay, and Chinese 
hamster ovary (CHO) cell assays. Fluid accumulation in RIL started at 
2 h and increased up to 8 h. The magnitude of fluid accumulation caused 
by V. fluvialis culture filtrates was comparable to those caused by a 
toxigenic cholerae (strain 569B). V_. fluvialis culture filtrates
were negative in the suckling mouse assay (an assay usually used to 
detect IS. coli heat stable toxins) and caused dislodgement or lysis of 
CHO cells. Lockwood et al. (1982) reported finding several different 
toxic activities in V_. fluvialis culture filtrates which included 
cytolysins (active against rabbit erythrocytes), non-hemolytic CHO cell 
killing factors (CKF), proteases, and a CHO cell elongation factor 
(CEF). CEF activity, a characteristic of enterotoxins such as CT and 
LT, was masked in culture filtrates which contained CKF or protease 
activity but CEF was detectable in washed cell lysates. CEF activity is 
heat labile, and ammonium sulfate precipitable with a molecular weight 
(estimated by gel filtration) of 135,000. The authors did not report on 
the state of purity of their CEF preparation. Kaper et al. (1981) 
reported that V. fluvialis isolates do not posess genes capable of 
hybridizing to an _E. coli LT probe and therefore V_. fluvialis does not 
produce an enterotoxin identical to CT or LT.
We used the rabbit skin test assay to survey culture filtrates of 
V. fluvialis isolates for toxin activity. Craig (1965) reporte’d that 
cholerae filtrates produce induration and increased capillary 
permeability when injected into the skin of a rabbit. Visualization of
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capillary permeability is observed by injecting the rabbit intravenously 
with a dye such as Potamine sky blue, Evans blue, or Trypan blue 18 to 
24 hours after skin testing. A dark blue cap appears on the top of the 
indurated reaction and is indicative of plasma leakage into the site.
The permeability factor (PF) described by Craig (1965) has been shown to 
be CT. IL. coli LT also produces increased capillary permeability in 
rabbit skin (Evans et al. 1973) while Clostridium perfringens 
enterotoxin increases capillary permeability in guinea pig skin (Stark 
and Duncan 1972). Craig (1982) has recently used the rabbit skin test 
assay to study enterotoxic products produced by non-01 V. cholerae. We 
tested V̂. fluvialis filtrates in the rabbit skin test assay and observed 
large indurated reactions. Up to 40 injections can be made on the back 
of a single animal and the animals need not be sacrificed. The skin 
test assay was used to survey environmental V’. fluvialis Isolates for 
toxic products, to characterize crude toxin preparations, and to assess 
toxicity during attempts to purify the enterotoxic activity.
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MATERIALS AND METHODS
Rabbit skin test assay. The rabbit skin test (Craig, 1965) was 
performed as follows. The entire back of a New Zealand White rabbit was 
shaved with an electric clipper and hair was completely removed with a 
preparation consisting of equal parts of barium sulfide and soluble 
starch. Water and a small amount of detergent were added to this 
mixture to make a paste (Campbell et al. 1963). After three to four 
minutes the depilatory was removed with warm water and soap. In 
preliminary experiments rabbits were skin tested 12 to 24 h after 
depilation, however in later experiments, (during toxin purification 
steps) the rabbit dermis was dried, and test samples were injected 
immediately after depilation. One-tenth ml volumes of the test material 
were injected into the rabbit dermis with a 25 guage l h ”  needle. 
Injection sites were examined for signs of induration and the diameter 
of each reaction was measured to the nearest mm. Induration was 
expressed in induration units with one unit equal to a reaction 4 mm in 
diameter. Changes in capillary permeability in the skin reaction sites 
were determined by intraveneous injection of one or two ml of a 2% 
solution of Trypan blue dye in saline. The bluing response was measured 
to the nearest mm one to two hours after dye injection and reactions 
were expressed as bluing doses (BD^). One BD^ was defined as the 
amount of toxin which produced a lesion diameter of 4 mm (Craig, 1965).
Hemolytic activity. Cytolytic activity against rabbit erythrocytes 
was determined as follows: Rabbit erythrocytes (RRBC) in Alsevers
solution (Campbell et al. 1963) were washed five times in phosphate 
buffered saline (PBS), pH 7.4, and suspended in PBS to give a 0.5%
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suspension. Fifty pi aliquots of test material were added to 0.5 ml of 
RRBCs and incubated at 37°C for 30 to 60 min. Hemolysis was graded as 0 
(no lysis) to ++++ (complete lysis at 30 min). In some experiments 
hemolysin activity was titered by serial dilution of the test fractions 
in PBS. Fifty pi of each dilution was added to 0.5% RRBC and tubes were 
checked for complete lysis at 30 min.
Protease Activity. The presence of protease activity in culture 
supernatant filtrates was assayed by the azocasein method described by 
Kreger and Gray (1978). Brain heart infusion agar plates with 10% 
casein were used to detect proteolysis of casein by V_. fluvialis 
isolates.
Survey of V. fluvialis Isolates for Toxin Activity by the Rabbit Skin 
Test Assay.
fluvialis isolates to be tested for toxin activity were 
inoculated into 20 ml of casamino acids-glucose medium with yeast 
extract (CAA-YE) in 250 ml Erlenmeyer flasks. Flasks were incubated for 
24 h on a rotary shaker at 37°C, 100 rpm. The cells were sedimented by 
centrifugation at 6000 x g and the supernatant fluids were filtered 
through 0.5 pm filters (Gelraan). Each culture filtrate was lyophilized, 
rehydrated in deionized water (dH2 0 ) to one-tenth the original volume, 
and dialyzed against PBS. Each filtrate was tested in triplicate in 2 
or more rabbits and the induration reactions were measured at 18 to 24 h 
post injection.
Characterization of Induration Factor Activity from V. fluvialis DJVP 
6957
X* ^luvialis strain DJVP 6957 was used to characterize the 
induration and permeability factor (IF and PF) activity in culture
supernatant fluids. DJVP 6957 was isolated from a patient with 
gastroenteritis and was kindly sent to us by R. J. Seidler, Oregon State 
University. One ml starter cultures were used to Inoculate 200 ml 
volumes of CAA-YE, pH 8.0, in 1 liter Erlenmeyer flasks. The cultures 
were Incubated for 24 h at 37°C on a rotary shaker at 100 rpm . The 
cells were pelleted at 8000 x g and supernatant fluids were filtered 
through 0.45 pm filters. The filtrate was lyophilized and rehydrated to 
one-tenth the original volume (whole concentrated filtrate) or 
concentrated by passage over an XM-50 membrane (Amicon Corp., Lexington, 
Ma.) (membrane retained fraction). The membrane retained fraction was 
washed by passing four volumes of PBS through the membrane.
Induration factor activity from DJVP 6957 was tested for heat 
stability and for sensitivity to proteases and nucleases. Aliquots of 
membrane retained and whole concentrated filtrates were heated to 56°C, 
65°C, or 80°C for 10, 15, 30, or 60 minutes. The filtrates were held on 
ice until assayed. Each fraction was injected in triplicate into the 
depilated dermis of a rabbit.
IF activity from whole concentrated and membrane retained filtrates 
was tested for sensitivity to pronase, proteinase K, RNase, and DNase 
(Sigma Chera. Co.). Whole concentrated filtrates were dialyzed against 
PBS and protein concentrations were determined by the method of Lowry 
(1951). Filtrates were adjusted to pH 8.0 for pronase, proteinase K, 
and RNase digestions, pH 5.5 for micrococcal DNase and pH 7.4 
for pancreatic DNase. MgC^ was added to DNase digestions to give a 
final concentration of 0.01 M. Nucleases were used at a ratio of 1 yg 
per 100 yg of protein and digestions were carried out at 37°C.
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Proteases were used at ratios of 1:10, 1:50, or 1:100 (wt/wt) enzyme to 
substrate and digestions were run at 37°C for 30 min to 2 h.
Separation of Induration Factor Activities by Gel Filtration
Crude concentrated and XM-50 retained fractions were centrifuged at 
100,000 x g for 4 h and then concentrated to approximately 0.01 the 
original volume. One to two ml aliquots were applied to a 46 x 1.5 cm 
column of Sephadex G-100 (Pharmacia) at room temperature. One ml 
fractions were collected and assayed in triplicate in the rabbit dermis. 
The column was calibrated with molecular weight standards for estimation 
of the molecular weights of IF activities.
Purification of a Permeability Factor from V. fluvialis
The schemes used for the purification of PF activity are outlined 
in Figure 7. The details are described below. The first attempt to 
purify the permeability factor from V_. fluvialis culture fluid was done 
as follows. Two ml aliquots of an 18 h culture of DJVP 6957 were 
inoculated into 2 liter flasks containing 500 ml of CAA-YE. The
cultures were incubated for 24 h at 37°C on a rotary shaker at 100 rpm.
Cells were sedimented by centrifugation and the supernatant fluids were 
filtered over 0.45 ym filters. Six liters of culture supernatant 
filtrate were pooled and stored at 4°C. The pooled culture filtrates 
were concentrated to 150 ml on PM-10 membranes using two 200 ml 
ultrafiltration cells (Amicon Corp.). The concentrated filtrate was 
centrifuged at 100,000 x g for 4 h and the supernatant fluid was 
dialyzed against 0.02 M phosphate buffer, pH 8.0 (PB). One hundred 
fifty ml of dialyzed filtrate was applied to a DEAE-cellulose column 
(2.5 x 20 cm) at room temperature. The column bed was washed with 
200 ml of 0.02 M PB and bound toxin was eluted with a 1500 ml linear
Figure 7 Flow diagram showing the steps used in three 
attempts at purification of IF/PF activity from Vibrio fluvialis 
culture supernatant fluids. Column I shows the purification 
of IF/PF from 6 liters of supernatant fluids pooled from cultures 
grown on a rotary shaker for 24 h at 37 C. Columns II and III 
show the purification of IF/PF activity from a gradient feed 
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gradient of 0 to 0.5 M NaCl (in PB) formed by using a 3 channeled 
peristaltic pump (Pharmafcia). Five ml fractions were collected and the 
absorbance at 280 nm was determined for each fraction. Every tenth 
fraction was tested for IF activity in the rabbit skin test. Fractions 
collected under IF activity peaks were pooled and stored at 4°C. Peak 
II (fractions 150 to 215) was concentrated to 25 ml on a PM-10 membrane 
and 2 ml aliquots were applied to a 1.5 x 46 cm column of Sephadex G-100 
(Pharmacia) equilibrated with PB. One ml factions were collected, 
monitored for absorbance at 280 nm and tested for IF activity in the 
rabbit skin test.
In an attempt to produce more IF and PF activity, DJVP 6957 was 
grown in a New Brunswick 7 liter fermentor outfitted with a gradient 
feed device (Srinivasan et al. 1977). A 250 ml seed culture was 
inoculated into 4 liters of 0.1% NaCl (containing 2 ml of polyglycol 
P-2000 antifoam) and a gradient of concentrated CAA-YE, pH 7.6, was 
pumped into the fermentor over a period of 12 h. The gradient was 
delivered by placing 300 ml of 10X CAA-YE with 2 ml of antifoam into 
each of two 500 ml aspirator bottles each connected individually to a 
second vessel containing 300 ml sterile d^O, The vessel containing 
the water was connected to the fermentor interspersed with a peristaltic 
pump. The culture was grown at 37°C for 12 h with agitation set at 400 
rpm and 5 lbs of air. During the next 12 h the air supply was reduced 
to 2 lbs and antifoam was added as required. Next the air supply was 
shut off completely and the culture was incubated for an additional 12 
hours. The cells were sedimented by centrifugation at 8000 x g and an 
unsuccessful attempt was made to filter the supernatant fluids through 
0.45 pm filters. NaN^ (0.2 g/1) was added to the supernatant fluid
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and 1 liter aliquots were dialyzed in 6 liter vessels against several 
changes of d^O and 2 changes of PB with 0.2 g/1 NaN^. Next, the 
culture supernatant fluids, in 1 liter aliquots, were applied to a 2.5 x 
20 cm column of DEAE- cellulose and the "toxin" was eluted with a 
1500 ml 0 to 0.5 M NaCl gradient. Five ml fractions were collected and 
assayed for absorbance at 280 nm and every tenth fraction was tested for 
IF activity. IF activity peaks (from 3 columns) which eluted at 0.25 to 
0.4 M NaCl were pooled, concentrated on a PM-10 membrane, and dialyzed 
against 0.02 M PB. The concentrated material was reapplied to a DEAE 
cellulose column and eluted as described above. Fractions were assayed 
for absorbance at 280 nm, for skin test activity, and for hemolytic 
activity. The peak containing IF and PF activity was pooled and 
concentrated to 15 ml on a PM-10 membrane and applied to a 2.5 x 90 cm 
column which contained Sephadex G-75 (Pharmatia). The column was 
maintained at 4°C. Three ml fractions were collected and assayed for 
absorbance at 280 nm, skin test activity and hemolytic activity.
IF activity which eluted in the void volume of the Sephadex G-75 
column was concentrated and 2 ml aliquots were applied to a 1.5 x 40 cm 
column packed with Sepharose-6 B (Pharmatia). One ml fractions were 
collected and assayed for absorbance at 280 nm and for skin test 
activity.
IF activity (peak II) from Sepharose 6 B chromatography was 
lyophilized, rehydrated in 1 ml of 6 M guanidine HC1 (in 0.01 M PO^, 
pH 7.6) and applied to a column of Sepharose-4B equilibrated with 6 M 
guanidine HC1 (Ansari and Mage, 1977). The column was run at 4°C and 
one half ml fractions were collected and assayed for absorbance at
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280 nm. Fractions were dialyzed slowly against PB and assayed for IF 
and PF activity in the rabbit.
The sedimentation coefficient of the protein aggregate from 
Sepharose 6 B peak II was determined by the method of Martin and Ames 
(1961). Five to 20 percent linear sucrose gradients (12.5 ml) were 
prepared with a gradient maker (Hoefer Scientific Instruments) in 9/16" 
x 3 h " cellulose nitrate centrifuge tubes and equilibrated for 4 to 6 h 
at 4°C. Three- tenths ml of Sepharose 6 B peak II containing 
approximately 0.5 mg protein was layered onto each of two gradients.
The gradients were centrifuged in an SW 41 rotor (Beckman) at 190,000 x 
g for 20 h. After centrifugation the gradients were fractionated with 
an Isco model 640 Density Gradient Fractionator and absorbance at 280 nm 
was monitored with an absorbance/fluorescence monitor (Isco Model UA-5). 
Every third fraction was dialyzed against PB and tested for IF activity 
in the skin test assay.
In a separate experiment (see Figure 7, Column III) one liter of 
dialyzed supernatant fluid was fractionated by two cycles through 
DEAE-cellulose as described above. The IF peak which eluted at 0.25 to 
0.4 M NaCl was lyophilized and rehydrated in 0.02 M Tris buffer, pH 8.0, 
containing 0.15 M NaCl and 1% deoxycholate (DOC) (Tanford, 1976). The 
sample was applied to a 2.5 x 40 cm column of Sepadex G-75 equilibrated 
with 0.02 M Tris buffer, pH 8.0, containing 0.15 M NaCl and 0.1% DOC.
The column was maintained at 4°C. Three ml fractions were collected and 
assayed for absorbance at 280 nm. Fractions were dialyzed against 
0.02 M Tris buffer, pH 8.0, containing 0.15 M NaCl to remove the DOC. 
Each fraction was assayed for skin test and hemolytic activity.
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Polyacrylamide Gel Electrophoresis
Polyacrylamide gel electrophoresis was utilized to assess the 
composition of the various toxin preparations collected at different 
points in the purification steps. Twelve percent polyacrylamide gels 
(10 cm slabs) with SDS were prepared by a modified Laemmli procedure 
(Laemmli, 1970). Running gels were prepared by mixing the following 
reagents: 10 ml d^O, 7.5 ml 1.5 M Tris (Sigma, Trizma grade) pH 8 .8 ,
12 ml 30% acrylamide (Biorad Labs), 0.3 ml of 10% (w/v) SDS, 0.05 ml of
10% ammonium persulfate (AP) (prepared fresh) and 10 yl N,N,N',N'- 
tetramethylethylenediamine (TEMED). Stacking gels were prepared as 
follows: 6.1 ml dH2 0, 2.5 ml 0.5 M Tris pH 6 .8 , 0.1 ml of 10% SDS,
1.3 ml of 30% acrylamide, 0.05 ml AP and 5 yl TEMED.
Samples were electrophoresed at 20 milliamps through the stacking 
gel and 40 milliamps through the running gel. Native gels were prepared 
as described above, without the addition of SDS. Samples which were to 
be electrophoresed were dialyzed against d^O, lyophilized, and 
rehydrated in sample buffer with or without SDS and 2-mercaptoethanol 
(2-ME) (3.5 ml d^O, 1.0 ml 0.5 M Tris pH 6 .8 , 0.8 ml glycerol, 1.6 ml 
10% SDS, 0.4 ml 2-ME and 0.25 ml 0.05% (w/v) bromophenol blue). Samples 
to be electrophoresed in gels containing SDS were boiled for 3 min prior 
to application to the gels. Upon completion of electrophoresis gels 
were stained in 0.1% Coomassie blue (in 25% methanol and 10% acetic acid 
in dH^O) for 2 h or overnight and then destained in 25% methanol and 10% 
acetic acid in dH^O. One toxin preparation was electrophoresed on 
28 cm slab gels containing 12% polyacrylamide, 0.1 M PO^, pH 7.4, and 
1 M urea (Montelaro et al. 1978 and 1982).
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Chinese Hamster Ovary Cell Assay
"Purified" PF was tested for its ability to kill or to cause a 
cytopathic effect, a change in cell morphology, of Chinese hamster ovary 
(CHO) cells. The general methodology of Guerrant et al. (1974) was 
followed to perform the CHO cell assay. Approximately 2000 cells in 
0.1 ml of Eagle minimal essential medium which contained Hanks base 
salts (EMEM) with 1% fetal calf serum, penicillin (100 IU/ml) and 
streptomycin (100 pg/ml) were added to 96 well microtiter assay plates. 
Ten yl of sterile PF (in 0.15 M NaCl) was added to the cells and plates 
were incubated overnight at 37°C. Sterile saline and boiled PF were 
used as negative control samples, and cholera toxin (Sigma) was used as 
a control for CHO cell elongation.
RESULTS
Survey of Vibrio fluvialis Isolates for Induration Factor Activity
The toxin activity in V_. fluvialis culture filtrates was measured 
by the production of induration in the skin test assay. Table 12 
summarizes the results, expressed in induration units, for the skin test 
assays. The skin tests were done with concentrated (10 times) culture 
filtrates harvested from clinical and environmental V. fluvialis 
isolates. Necrosis was seen in the centers of some induration reactions 
after 24 h and this was especially true of the largest reactions. When 
attempts were made to assess increased capillary permeability in skin 
test sites the blueing response was not uniform since small indurated 
reactions were more likely to blue than larger induration reactions 
(results not shown).
Many of the environmental isolates produced a greater induration 
reaction than strain DJVP 6957, a clinical Isolate. Injection of CAA-YE 
or PBS into the rabbit dermis did not produce induration or increased 
capillary permeability.
Characterization of Crude IF from DJVP 6957
Induration factor (IF) activity from culture filtrates of DJVP 6957 
was tested for heat stability and sensitivity to digestive enzymes.
Table 13 shows the effect of heat on IF activity in whole concentrated 
and membrane retained filtrates and for peak II from Sephadex G-100 gel 
filtrations (See Figure 8 ). IF activity in all fractions decreased 
slowly upon heating at 56°C. At 60 min, 50 to 65% of the IF activity 
remained. At 65°C, IF in the whole filtrate was reduced by 
approximately 33% after 60 min while IF activity in the XM-50 retained
80
81
Table 12. Induration Factor Activity of Concentrated Vibrio fluvialis
Filtrates.
Induration units/per ml
Strain Source Mean Range
6957a human gastroenteritis 36 35-36
2386a,b river water 59 48-66
2 3 9 ia»b !i ir 43 37-48
9-4b crab feces, May 1980 17 10-25
9-26a
11 n it h 14 7.5-15
9-48c
i t  n  i t  i i 2 2 15-25
1 0 -2 e crab feces, June 1980 23 12-27
10-50d i i  i r  t i  I I 42 1 2 - 8 6
1 2 -lhb crab feces, August 1980 36 30-50
12-3^ i i  i? t i  i t 30 22-37
12-5e t i  i t  i i  i t 56 5-61
12-9j i t  i i  i i  i t 27 15-37
12-9f n  i i  i t  t i 23 15-30
Media 0
PBS 0
a Received through R. Seidler, Oregon State University
b Aerogenic biotype 
c One induration unit = 4 mm diameter reaction
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Table 13. Effect of Temperature on Crude Induration Factor Activity.
Temp Min Whole Filtrate (10X) XM-50 Retained
Sephadex 
G100 (33-42)
1 2 1 2 1
56C 0 42 47 50 33 27
15 ND ND 35 24 ND
30 ND ND 29 ND ND
60 2 2 37 35 16 16
65 C 0 36 47 36 33 27
15 27 ND 0 18 1 0
30 24 ND 0 1 1 6 . 6
60 23 25 0 0 6 . 6
80C 0 36 47 36 33 ND
1 0 0 17 0 0 ND
30 0 1 1 0 0 ND
a One induration unit = 4 mm diameter reaction.
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fractions was eliminated after 15 or 60 min. IF activity in Sephadex 
G-100 peak II was reduced at 65°C but residual activity remained after 
60 min. IF activity was destroyed at 80°C in both whole concentrated 
and membrane retained preparations.
Table 14 shows the effects of protease and nuclease treatment on IF 
activity in whole concentrated and membrane retained fractions. IF 
activity in samples tested did not appear to be impaired by nuclease or 
protease digestion. Both pronase and Proteinase K, two non-specific 
proteases were used in an attempt to digest IF activity, however even 
the long-term digestions did not eliminate IF activity, and in some 
instances IF activity appeared to be enhanced. Both enzyme preparations 
were proteolytic when casein was substituted as the substrate (results 
not shown).
Three peaks of IF activity were separated by gel filtration on 
Sephadex G-100. Figure 8 shows the elution profile (absorbance at 
280 nm) and IF activity profile from a representlve experiment. The 
same IF profiles were obtained on four different occasions. One 
activity peak was peak eluted in the void volume (IF peak I), a second 
activity eluted at 45-50,000 molecular weight (IF peak II) and the third 
peak eluted at 15-20,000 molecular weight (IF peak III). The skin
reactions produced in rabbit dermis by IF peaks I and III were not as
distinct as those produced by IF peak II. IF activity in peak II
produced dermal reactions that were hard, raised and well defined. On
one occasion column fractions were assayed for hemolytic activity 
against RRBC. Hemolytic activity was eluted in the trailing edge of 
peak II (results not shown).
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per units per ml
1. Whole filtrate - 30' 2 1
plus pronase 1 : 1 0 0 30' 18
2. Whole filtrate — lh 28
plus pronase 1 : 1 0 0 lh 37
3. Membrane retained _ lh 28
plus pronase 1 : 1 0 lh 27
1 : 1 0 0 lh 31
plus proteinase K 1 : 1 0 lh 28
1 : 1 0 0 lh 33
4. Membrane retained — 2 h 2 0
plus pronase 1 : 1 0 2 h 2 0
1 : 1 0 0 2 h 2 2
5. Sephadex G-100
IF peak II 24h 2 2
plus pronase 1 : 1 0 0 4h 26
1:50 24h 2 2
1 : 1 0 0 24h 25
6 . Whole filtrate _ lh 28
plus RNase 1 : 1 0 0 lh 37
plus DNase 1 : 1 0 0 lh 33
7. Membrane retained — 2 h 33
plus RNase 1 : 1 0 2 h 31
plus DNase 1 : 1 0 2 h 31
Induration unit = 4 mm diameter reaction
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Figures Gel filtration chromatography of crude con­
centrated filtrate on Sephadex G-100 showing the separation 
of three IF activity peaks. Column dimensions 1.5 cm x 46 cm. 
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35 4 5 35
j Fraction Number
4 3,0 0 0 -
3 9 ,0 0 0















Culture supernatant fluids of fluvialis DJVP 6957 grown in 
CAA-YE were negative for protease activity. Cultures on BHI with 10% 
casein showed no utilization of the substrate.
Purification of V. fluvialis Permeability Factor Activity
DEAE-cellulose ion exchange chromatography of pooled, concentrated 
V_. fluvialis filtrates (Figure 7, Column I) resulted in the separation 
of IF activity into three peaks (see Figure 9). The greatest amount of 
IF activity was associated with a broad peak which eluted from the 
ion-exchanger at 0.2 to 0.45 M NaCl (peak II). The IF activity in peak 
II corresponded to a broad peak of protein, as determined by absorbance 
at 280 nm (A2 0 q). The fractions under peak II were concentrated and 
aliquots of the resulting material were separated by gel filtration on 
Sephadex G-100. Figure 10 shows the gel filtration profiles for one 
experiment, which is representative of the results obtained on four 
occasions. IF activity was detected in the void volume (fractions 15 to 
27) and throughout the column through fraction 70. When small 
quantities of protein (2 to 3 mg) were applied to the column, IF 
activity was detectable in the void volume only (results not shown).
When IF activities from DEAE peak II and the Sephadex G-100 void peak 
were examined by SDS polyacrylamide gel electrophoresis (SDS-PAGE) four 
bands were seen in both IF preparations (see Figure 11). Protein bands 
visible in the gels had molecular weights which ranged from 2 0 , 0 0 0  to 
80,000. When more than 100 ug of protein per lane was applied to the 
gels minor bands were visible in both preparations. The application of 
IF activity eluted from DEAE (peak II) onto Sephadex G-100 did not 
clarify the situation, for the void peak as well as the retained 
fractions showed IF activity and the same four protein bands were
Figure 9 DEAE-cellulose chromatography of supernatant 
fluids from cultures grown on a rotary shaker and concentrated by 
ultrafiltration on an XM-50 membrane, showing 3 IF activity peaks. 
Column dimensions 2.5 cm x 20 cm. Bound toxin was eluted with a 
linear gradient of 0 to 0.5 M NaCl in 0.02 M phosphate buffer, 
pH 8.0. Flow rate 100 ml per h. Five ml fractions were collected. 





































Figure 10 Gel filtration chromatography of DEAE peak II 
on Sephadex G-100 showing IF activity in the void volume 
(fractions 17 to 25) and throughout the column. Column dimensions 
1.5 cm x 46 cm. Eluent 0.02 M phosphate buffer, pH 8.0. One 
ml fractions were collected.
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Figure 11 SDS-PAGE analysis of DEAE activity peak II (see 
Figure 9) and Sephadex G-100 void peak (see Figure 10). Lane A 
received molecular weight markers consisting of bovine serum 
albumin (67K), hen agg albumin (45K), and lysozyme (14.4K).
Lane B: DEAE peak II (50 ug). Lane C: G-100 void peak (50 pg).
Lanes B and C contain protein bands with molecular weights of 
approximatly 21,000, 40,000, 45,000, and 80,000. Samples did 
not contain 2 - mercaptoethanol.
14.4K
present in both preparations indicating that further purification of IF 
activity was not achieved in the gel filtration step. In an attempt to 
obtain greater quantities of IF and PF, fluvialis DJVP 6957 was grown 
in a 7 liter fermentor serviced with a gradient feed of CAA-YE. The 
culture supernatant fluids harvested from the culture contained 24.3 
induration units per ml, an 8 -fold increase over the 3.6 induration 
units per ml detected in supernatant fluids harvested from DJVP 6957 
grown on a rotary shaker. The IF activity in culture fluids from 
fermentor grown cells could be detected without concentrating the 
supernatant fluids. When attempts were made to filter the fermentor 
supernatant fluids on a 0.45 ym filter or to concentrate IF/PF by 
ultrafiltration they were unsuccessful. The filters became clogged 
almost immediately, possibly due to the presence of polyglycol. To 
concentrate and purify IF and PF activity, supernatant fluids were 
concentrated and partially purified after dialysis by DEAE-cellulose ion 
exchange chromatography (See Figure 7, Column II). The major IF 
activity peak was eluted with 0.25 to 0.4 M NaCl, however protein peaks 
were only partially separated (results not shown). Figure 12 shows the 
elution profile when IF peaks from three DEAE-cellulose columns were 
combined and rechromatographed. Protein peaks were incompletely 
separated but IF and PF activity appeared to correspond to the central 
A280 Pea^ (Figure 12). Hemolysin activity appeared to overlap with IF 
activity and peaked in fraction 120 while IF activity peaked in fraction 
133. Figure 13 shows the protein profile obtained by SDS-PAGE for 
fractions 110, 140 and 160 from DEAE-cellulose (Figure 12). The protein 
profile is much more complex than that obtained from DEAE peak II of the 
pooled supernatant fluids from cultures grown on a rotary shaker. The
Figure 12 DEAE-cellulose ion- exchange chromatography 
of pooled activity peaks recovered from DEAE-cellulose chro­
matography of dialyzed culture supernatant fluids. Fractions 
were assayed for IF, PF, and hemolytic activity. Column 
dimensions 2.5 cm x 20 cm. The column was eluted with a 
1500 ml linear gradient of 0 to 0.5 M NaCl in 0.02 M phosphate 
buffer, pH 8.0. Flow rate 100 ml per h, 6 . 8  ml fractions 
were collected. Fractions under the marker bar were pooled.
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Figure 13 SDS-PAGE analysis of IF activity from fermentor 
culture supernatant fluids on DEAE-cellulose {see Figure 12). 
Lane A received 50 pg of a mixture of molecular weight standards 
(Pharmacia). Lanes B, C, and D: Fraction 110 with 20, 50, and
100 pg of protein. Lanes E, F, and G: Fraction 140 with 20,
50, and 100 pg of protein. Lanes H, I, and J: Fraction 180




Figure 14 Gel filtration chromatography of the pooled 
activity from Figure 11 on Sephadex G-75 showing IF activity 
throughout the column and hemolysin activity in fractions 
75 to 100. Column dimensions 2.5 cm x 90 cm. Eluent 0,02 M 
phosphate buffer, pH 8.0. Three ml fractions were collected. 
Fractions under the marker bar were pooled.
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Figure 1 5  Gel filtration chromatography of pooled 
active fractions from Sephadex G-75 on Sepharose 6 B, showing 
two IF activity peaks. Column dimensions 1.2 cm x 46 cm. 
Eluent 0.02 M phosphate buffer, pH 8.0. One ml fractions were 
collected and fractions under the bar were pooled.
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Figure 16 SDS-PAGE analysis of IF activity peaks I and 
II seperated by gel filtration on Sepharose 6 B (see Figure 15) 
showing 3 protein bands in common. Lane A: Molecular weight
standards (Pharmacia). Lanes B and C: IF peak II (100 jig).
Lane B received sample in 2-ME, Lane C, sample without 2-ME. 
Lanes D and E: IF activity peak I (100 pg). Lane D received





Figure 17 SDS-PAGE analysis of IF activity peaks I and II 
seperated fay gel filtration on Sepharose 6 B on a 12% polyacrylamide 
gel with 0.01 M phosphate buffer and 1 M urea (Montelaro, 1982), 
showing 2 bands in common. Lane A: IF peak I (100 jjg). Lane B:











greater levels of IF activity in supernatant fluids harvested from the 
fermentor culture were accompained by an increase in the number of 
proteins in the active peak. Fractions 120 to 160 were pooled, 
concentrated, and applied to Sephadex G-75 in an attempt to separate the 
toxic activities from the mixture. The Sephadex G-75 column was larger 
(2.5 cm x 90 cm) than the G-100 column used earlier but the results were 
much the same (Figure 14) in that IF activity appeared in the void peak 
and throughout the column. Hemolysin activity was separated from much 
of the IF activity.
The void peak (fractions 42 to 52) from Sephadex G-75 was 
chromatographed on Sepharose 6 B in an attempt to separate its 
components. Figure 15 shows the results of one such experiment. Three 
^280 Pea^s were separated in the column and IF activity was detected 
in the first two peaks. The IF activity peaks were examined by SDS-PAGE 
(Figures 16 and 17). Peak II showed at least 14 bands while peak I 
showed 3 bands which appeared to correspond to bands in peak II. Figure 
16 shows an SDS-polyacrylamide gel prepared by the method of Laemmli 
(1970). The three protein bands common to both IF activities had 
apparent molecular weights of 35,000, 40,000 and 80,000. The gel in 
Figure 17 was prepared with phosphate buffer and 1 M urea (Montelaro, 
1982). Peaks I and II showed bands at 35,000 and 40,000, however the 
high molecular weight band in peak I now ran with an apparent molecular 
weight of 70,000 and no longer corresponded to a band in peak II. The 
^280 Pea^s e ûte<i from the Sepharose 6 B column appeared fairly well 
separated (see Figure 15) which suggested that the proteins in peaks I 
and II were parts of aggregating systems. When IF preparations from 
DEAE-cellulose were separated by gel filtration on Sepharose 6 B without
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the intermediate Sephadex G-75 step, the IF activity eluted in the same 
fractions but peak II showed more proteins by SDS-PAGE (results not 
shown). At this point in the purification process it appeared that 
either the 35,000 or 40,000 molecular weight peptides, or both, 
contained the IF activity since they were common to Sepharose 6 B IF 
activity peaks I and II. --
In an unsuccessful attempt to separate the 35,000 and 40,000 
molecular weight bands the Sepharose 6 B activity peak II was subjected 
to gel filtration in 6 M guanidine on a column of Sepharose 4B. The 
major IF activity peak was examined by SDS-PAGE and the same protein 
bands seen in peak II from Sepharose 6 B were present (results not 
shown).
Sepharose 6 B peak II from one experiment was layered onto a 
continuous 5% to 20% sucrose gradient to determine the density of the 
protein aggregate. Both IF activity and protein (as monitored by 
absorbance at 280 nm) penetrated only into the top third of the gradient 
(results not shown) which indicated that the aggregate contained low 
density material, such as lipid. The possibility of lipid or 
lipoprotein in the aggregating system prompted the use of detergent as a 
means to disperse the aggregating components.
Crude supernatant fluids from the fermentor culture were 
chromatographed two times on DEAE-cellulose (results not shown) and the 
activity which eluted with 0.25 to 0.4 M NaCl was separated by gel 
filtration on Sephadex G-75 in deoxycholate (DOC) (See Figure 7, Column 
III). Figure 18 shows the elution profile and the location of the IF 
and PF activity peaks. IF activity was detected in fractions throughout 
the column but elevated IF activity was detected in fraction 53 and not
Figure 18 Gel filtration chromatography on Sephadex 
G-75 of IF activity recovered from DEAE-Cellulose, showing 
a peak of IF and PF activity at fraction 53. Column dimen­
sions 2.5 cm x 90 cm. Eluent 0.02 M Iris, pH 8.0 with 0.15 M 
NaCl and 0.1% deoxycholate. Three ml fractions were collected.
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in the void volume, PF activity was detected in fractions 51-55 only 
and peaked at fraction 53. Fractions 51 through 55 also contained some 
hemolysin activity. Fraction 53 produced partial lysis of 0.5% RRBC 
after 60 min at 37°C. Figure 19 shows the protein profile of fractions 
collected from the G-75 column. A 40,000 molecular weight protein is 
present in all fractions tested but the staining-intensity of the band 
increased in fraction 53. Very faint low molecular weight bands are 
visible in fraction 53 but it appears that IF and PF activity are 
associated with the 40,000 molecular weight band. No other protein 
bands showed increased staining intensity in the fractions containing IF 
and PF activity.
Figure 20 shows the protein profile of fraction 53 on a 12% 
polyacrylamide gel without SDS. It appears that there is a major and a 
minor band. Figure 21 shows the PF and IF responses obtained from G-75 
column fractions In the skin test assay. The dark spots represent the 
bluing response which appears as a cap on the larger induration reaction 
in fractions 51 to 55.
The activity peak from the G-75 column was tested for the ability 
to cause morphological changes in Chinese hamster ovary (CHO) cells.
Ten pi of the active pool caused necrosis and degeneration of the CHO 
cells in 24 h. A boiled control did not cause any obvious morphological 
changes in the cells. Cholera toxin provoked CHO cell elongation.
Table 15 shows the recovery of IF activity in the last experiment.
The specific activity increased from 34.8 units per ml in crude 
supernatant to 387 units per ml from the G-75 pool of fractions 51 to 
56.
Figure 19 SDS-PAGE analysis of IF activity recovered from 
gel filtration on Sephadex G-75 with deoxycholate (see Figure 
18). Lane A received molecular weight standards (Sigma). Lane B 
Fraction 55. Lane C: Fraction 53. Lane D: Fraction 51.
Lane E. Fraction 49. Lane F: Fraction 43. Lane G: Fraction
36. All lanes received 75 pg of protein.
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Figure 20 A 12% polyacrylamide gel showing Fraction 53 
from Sephadex G-75 with deoxycholate. Lane A: 80 fig protein.
Lane B: 50 fig protein. Lane C: 30 fig protein.
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Figure 21 Photograph of a rabbit showing skin test 
activity of purified IF/PF activity. The dark areas indicate 
blueing reactions as a cap on the top of larger indurations.















supernatant 1 liter 0.7 700 mg 24,366 34.8 1 0 0
DEAE (1) 400 ml 0.46 182 mg 16,250 89.3 6 6
DEAE (2) 300 ml 0 . 1 0 2 30.7 mg 11,750 382 48
G-75
(51-56) 15 mlb 0.08 iv/ b1.44 mg 557b 387 c
Except for crude supernatant, protein concentration was estimated by absorbance at 280 nm.
b The numbers do not represent totals as only part of the material from step 3 was used in step 4.
c Per cent yield was not calculated in this step as only part of the DEAE fractionated IF activity 
was applied to the G-75 column.
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DISCUSSION
Clinical and environmental _V. fluvialis isolates tested in this 
study produced toxic factors detected by the rabbit skin test assay. A 
positive skin test is indicative of increased capillary permeability at 
the injection site. Some well characterized enterotoxins, such at LT, 
CT, and £. perfringens enterotoxin, provoke a reaction in skin test 
assays. The production of a positive skin test reaction by V_. fluvialis 
culture filtrates indicates that the organisms are producing enterotoxic 
factors. Several investigators have reported the production of 
enterotoxin by V_. fluvialis using assays other than the rabbit skin test 
(Agarwal and Sanyal 1981, Lockwood et al. 1982; and Seidler et al.
1980).
The IF activity present in V. fluvialis DJVP 6957 culture filtrates 
is heat labile at 65°C or 80°C, depending on its state of purity. 
Preparations of whole concentrated filtrate are heat inactivated at 
80°C, a finding that agrees with those of Agarwal and Sanyal (1981) who 
reported that fluid accumulation in RIL produced by crude culture 
filtrates was destroyed at 80°C. The decrease in heat stability of IF 
prepared by ultrafiltration may reflect a loss of some protecting 
factors in the crude supernatant fluids or the loss of a more heat 
stable, low molecular weight IF. The characterization of crude toxin 
preparations appears to be of questionable value since the results of 
gel filtration and ion exchange experiments indicate that there may be 
three separate IF activities. The IF/PF activity finally purified by 
using detergent (deoxycholate) has not been obtained in quantities large 
enough to characterize. The early attempts to purify IF/PF activity
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using fementor culture supernatant fluids were unsuccessful due to the 
aggregation of up to 20 peptides which eluted from DEAE-cellulose and 
gel filtration columns as a single unit. The results of sucrose density 
centrifugation suggested that low density material was present in the 
aggregating system. The aggregate, which appeared to be large by gel 
filtration experiments remained near the top of the sucrose gradient.
The unsuccessful use of 6 M guanidine-HCl, which disrupts hydrogen 
bonding, to dissociate the aggregate was evidence that the components of 
the aggregate were associated by hydrophobic interactions.
Deoxycholate (DOC) has been used to solubilize membrane proteins 
and by varying the ionic strength and pH one can control the average 
micelle size (Tanford and Reynolds, 1976), The conditions used in the 
purification scheme (0,02 M Tris, pH 8.0, with 0.15 M NaCl) were 
selected to give micelles with an average size of 6600 so that the DOC 
could be removed with dialysis. Only one gel filtration experiment was 
performed using DOC but the results strongly indicate that a 40,000 
molecular weight protein is responsible for IF/PF activity. These 
results do not eliminate the probability that other IF/PF activities may 
be present. The 40,000 molecular weight band was also present in early, 
unsuccessful purification attempts supporting the conclusions drawn from 
the last experiment.
The purified IF/PF preparation was assayed for biological activity 
against Chinese hamster ovary (CHO) cells. The CHO cell assay is used 
to detect the activation of adenylate cyclase by CT and LT (Guerrant et 
al. 1974). An increase in cAMP manifests itself by causing cell 
elongation. Lockwood et al. (1982) observed CHO cell elongation factor 
activity in cell free extracts but this activity was masked in culture
121
supernatant fluids by CHO cell rounding and CHO cell killing factors.
CHO cell elongation is indicative of CT and LT, two well characterized 
enterotoxins, and the production of a CHO elongation factor by 
fluvialis suggests a similar type of enterotoxin may be the cause of the 
clinical symptoms of the disease. The IF/PF partially purified in this 
investigation killed CHO cells rather than causing CHO cell elongation.
There are several possible explanations for these results. One is that 
the IF/PF preparation is contaminated with a CHO cell killing factor 
which is masking elongation factor activity. This possibility could be 
tested by further purification of IF/PF activity or by titering the PF 
preparation to dilute out CHO cell killing factors. A second 
possibility is that the IF/PF activity is, in this case, distinct from 
enterotoxin activity as detected by RIL or CHO cell elongation. Dubey 
et al. (1980) reported isolation of separate PF and enterotoxin 
activities from Aeromonas hydrophila supernatant fluids. Each 
preparation gave rise to a single band by SDS-PAGE. The enterotoxin 
produced fluid accumulation in RIL and increased levels of cAMP in 
epithelial cells but did not cause increased capillary permeability 
while PF elicited a bluing response with erythema and induration. _V. 
fluvialis is phenotypically similar to Aeromonas sp. and may produce 
similar types of toxic products. The evidence that V_. fluvialis 
produces a CHO cell elongation factor (Lockwood, 1982), and that our 
preparation does not appear to provoke CHO cell elongation makes this a 
possibility. The IF/PF found in V_. fluvialis filtrates may also be an 
enterotoxin which does not activate adenylate cyclase. Its biological 
activity may ressemble some other enterotoxin such as perfringens
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enterotoxin which appears to act by creating "holes" in cell membranes 
(McClane and McDonel, L980).
The biological and/or enzymatic activities of the IF/PF preparation 
remain to be elucidated. We have shown that a 40,000 molecular weight 
protein produces increased capillary permeability in the rabbit skin 
test. This protein represents one of the toxic products produced by y_. 
fluvialis. The V_. fluvialis CHO cell elongation factor described by 
Lockwood et al. (1982) had a molecular weight of 135,000 by gel 
filtration but the purity of the preparation was not assessed by 
polyacrylamide gel electrophoresis. It is possible that the preparation 
was composed of an aggregate of proteins and the CHO cell elongation 
factor may prove to be identical to the PF as is the case with CT and 
LT. In this study we have taken a step towards characterizing the 
toxins produced by V. fluvialis by obtaining an essentially pure 
preparation of one of its toxic factors.
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